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Abstract

The United States is dependent on foreign sources for
many strategic materials vital to its survival and national
security. This study reviews past and present policies on
the stockpiling of strategic materials, the quality of
stockpiled materials, and examines the position and role of
the Soviet Union in denying the U.,S. access to strategic
materials. It provides a close examination of cobalt,
chromium, manganese, and titanium, their importance to the
defense industry and the possible impact of a material
shortage on the U.S. economy and national security., To
reduce America’s vulnerability, a policy that integrates
strategic materials, national security, foreign policy, and
economic issues should be implemented. Specific findings

and recommendations are presented at the end of the study.




| STRATEGIC MATERIALS: A CRISIS WAITING TO HAPPEN

I. ntroduction

The commuter slipped behind the wheel of his

Detroit built sedan. Switching on the ignition

system built with Zambian copper and Ghanain
. aluminum, he drew power from a battery made of
l Missouri lead and South African antimony to start
an engine of Pittsburgh steel strengthened by South
African manganese and hardened with chrome from
Zimbabwe. The car rolled on tire treads blended
from natural rubber from an Algerian photochemical
base. The exhaust +from Nigerian gasoline was
cleansed by Russian platinum. The commuter
switched on the radio with invisible traces of
cobalt from Zaire and tantalum from Mozambique
heard a newscaster’s report of a Communist led cou
in a small country in southern Africa. What’s tha
to me, he thought switching to a station carrying
the latest sports results (54:1].

hadiie ghe A4 Sl B4

James Sinclair
The Strategic Metals War 1983

Backqround and Justification

The United States is one of the most powerful nations in

the world, with only the Soviet Union considered an equal

in terms of military strength., a@among its obligations, the

Uni ted States government must protect and defend its

citizens. This and other responsibilities are reflected in

our nation’s vital interests:

To preserve our freedom, our political identity,
and the institutions that are their foundation --
the Constitution and the rule of law.

To protect the territory of the United States, its




citizens, and its vital interests abroad from armed
attack.

To foster an international order supportive of the
interests of the United States through alliances
and cooperative relationships wi th friendly
nations; and by encouraging democratic
institutions, economic development, and sel -
determination throughout the world.

L To protect access to foreign markets and overseas
.. resources in order to maintain the strength of the
- United States’ industrial, agricul tural, and
' technological base and the nation’s economic well-

h being [7:15].

[ The U.S. military serves as one of many instruments the

President has at his disposal to protect our vital interests

from menacing foreign sovereignties, Any modern nation
supporting a large, modern, and ready military force has to
draw heavily from its agricultural, economic, technological,
and industrial bases. These bases in turn depend on natural
resources (minerals) within and berond the borders of the
United States. The health and strength of these bases often
determine the military strength of a nation and the nation’s
ultimate survival,.

The importance of these minerals cannot be understated,
for they are absolutely essential to the health of the U.S.
economy and the U.S. military. The industrial base of the

United States requires vast amounts of these minerals in

various forms:

e

Minerals are essential for national defense, to 3
sustain high agricultural productivity, and to

achieve national goals for the supply and ~

conservation of energy. Minerals and the .
technologies they present are needed for the

preservation of a healthy environment. Minerals ~o

are a major component of international trade and S
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therefore
with fore

the availabi
critical mine

these mineral

four metals

electronics,
effect would

cause inflati

With so

social servic

Keep them ali

*ee.There is

are an important factor in our relations
ign countries (13:1].

The very existence of the United States is dependent upon

tity of what has become known as strategic and
rals. No modern nation can survive without

Se

In 1982, the 3.1 trillion U.S. economy required (43:2):
4 90 Billion Domestic Crude Qi
41 Billion Imported Crude Qil
17 Billion Imported Refined Petroleum
45 Billion Domestic Natural Gas
23 Billion Domestic Coal
1t Billion Domestic Uranium Ore
196 Billion Domestic Nonfuel Minerals
derived from domestic raw minerals $20 billion
domestic old scrap 4 billion
imported raw minerals 4 billion
94 Billion Imported Processed Nonfuel Minerals.
Without these minerals our standard of living and our
society would be severely threatened. Reduction in just

(manganese, chromium, platinum, and cobalt)

would cause a disastrous slowdown in the basic industries

of; transportation, manufacturing, construction,

aerospace, and even agriculture. The rippling
throw untold millions of Americans out of work,

on to skyrocket, and make the dollar worthless.

The results would be political and economic chaos (58:138).

much at stake Jlet us not forget the words of

British Air Marshall Sir John Slessar (20:9) who said,

a tendency to forget that the most important
e that a government can do for its people is to

ve and free."




Statement of the Problem

The United States is recognized as a superpower today
because of its industrial base. One reason the U.S. became a
superpower was because of ..s self-sufficiency in energy and
raw materials. However, at the turn of the century the U.S.
began moving away from self sufficiency in raw materials.
At present the U.S. is dangerously dependent on other
nations to provide many of the strategic minerals and
materials wvital to our national security and economic
survival, Foreign sources now provide 22 out of 36 nonfuel
minerals essential to the industrial base (43:85)., Many of
the nations supplying these minerals are communist aligned
or located in the very unstable regions of Africa. The U.S.
stockpiles of materials are grossly below wartime and
contingency requirements as set by the 1979 Stockpiling Act.
The impact of a prolonged interruption of these materials
would have a devastating effect upon the economy and defense

of the free world.

Definitions
Since the following concepts will be wused extensively
throughout this report, a clarification of their meaning

must precede further discussion.

National Emergency: A general declaration of emergency
with respect to the national defense made by the President

or by the Congress (463:3).

T~y
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Strateqic and Critical Materials: Materials or minerals

that would be needed to supply the military, industrial, and
essential civilian needs of the United States during a
national emergency and which are not found or produced in
the United States in sufficient quantities to meet such a
need (&43:3).

National Defense Stockpile: Is intended to Support

defense production and essential civilian needs wi th
critical and strategic minerals and materials during a

national emergency (9:12).

gbjectives of the Research

The objectives of this research are to:

1. Evaluate the ability of our national defense
stockpile to mjtigate the effects of an indefinite
interruption of strategic materials.

2. Identify the effects of a prolonged cutoff of four
selected strategic minerals (chromium, cobalt, manganese,

and titanium) on the defense industrial base.

Research Questions

In determining the answer to the first objective we
asked and answered the following research questions:

1. Has the evolutionary development of the National
Defense Stockpile been consistent with the external threats?

2. Does an adequate national policy on strategic and

critical materials exist today?

e S ——
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e
3. What is the current status of the National Defense
Stockpile? -

We examined the research questions below to determine
the answer to the second research objective:

1. What threats do we face today that require the
United States to stockpile critical materials?

2. What role does cobalt, chromium, manganese, and

titanium play in our national defense and U.S. economy?

3. Are the primary users of these materials prepared to
face a prolonged interception of materials?
4. What short term and long term substitution o

possibilities exist for the study materials?

..........................................................
-------------------------------------------

......




1I1. Methodoloqy

Querview o

The previous chapter introduced the background material

and the objectives of this research project. This chapter

AP

will outline the methodology used to research and evaluate
the material introduced in the earlier chapters. The ff
objectives of this thesis will be accomplished through :f”
review and evaluation of the current 1literature and a .
structured interview technique. This chapter will be broken
down into three sections: Information Collection, »
Information Analysis, and Research Limitations. The »
information collection section which indicates the sources :‘jﬁ
and methods of information collection is presented first. ;;;;;
The analysis section will deal with the methods used to ?iiji
analyze the information collected and complete the research ﬁf;}f
objectives stated in chapter one. The last section to be iif;g
PO
covered will identify 1limitations concerning the research g;fm
and information gathering methods.
Information Collection -
The most recent background material was collected .
through an extensive search of the 1literature base for =
applicable studies and articles pertaining to strateqic and ‘ a

critical materials and minerals. Research material was el

obtained through the Defense Technical Information Center

(DTIC)>, AFIT School of Systems and Logistics Library, Wright j
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State University Library, and the Office of Legislative
Affairs C(Air Force Section). In addition, information was
requested and obtained from the following U.S. Government
Agencies: Bureau of Mines, Department of Commerce, Defense
Intelligence Agency, Federal Emergency Management Agency,
Central Intelligence Agency, Government Services
Adninistration (Stockpile Management Section), Government
Printing Office, Office of Industrial Base Assessment, and
the Government Accounting Office.

Addi tional research information will be obtained through

discussions with government officials and executives in
private industry that are involved in managing strategic and
critical materials and minerals. Structured telephone and
personal interviews should provide a valuable insight into
the problems and issues currently affecting the Defense
Industry and the National Defense Stockpile concerning
strategic and critical materials and minerals. See Appendix

D for a list of interviewee questions.

Information Analrsis

The goal of the information analysis section was to meet —

the research objectives previously listed in Chapter 1. éi
The first objective, ®Evaluate the ability of our 1
National Defense Stockpile to mitigate the effects of a -‘;
strategic materials cutof+f," was accomplished through an ﬁ?
extensive review of the literature and structured interviews ;ﬁ
with managers of the National Defense Stockpite. TJH
53
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In determining the answer to the first objective, we
answered the following research questions:

1. Has the -evolutionary development of the National
Defense Stockpile been consistent with the external threats?

2. Does an adequate national policy on strategic and
critical materials exist today?

3. What is the current status of the National Defense
Stockpile?

The second cobjective, "to identify the impact of a
prolonged interruption of four selected strategic materials
on the defense posture of the United States,® was again
answered through an extensive 1literature review and
telephone interviews with defense industry officials.

We examined the research questions below to determine
the answer to the second objective:

1. What threats do we face today that require the United
States to stockpile critical materials?

2. What role does cobalt, chromium, manganese, and tita-
nium play in our national defense and U.S. economy?

3. Are the primary users of these materials prepared to

A

face a prolonged interruption of materials?

4. What short term and long term substitution possibili-
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ties exist for the study materials?
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Research Limitations i
Al though there is classified information available

applicable to our research effort, none was integrated into
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this report because of the difficulty involved in obtaining
and using classified material. It is likely that classified
material would have enhanced portions of the report;
however, we believe this report will not suffer for lack of
it

Additional limitations include our inability to have an
official survey instrument approved by the Office of
Management and Budget because of time constraints and the
reluctance of many leading industrial companies to provide
information helpful to our effort. And of those who did,
they were reluctant to be identified or have their company

identified in the final report,

190




.....................................................................

1711. Literature Review

History of Stockpiling of Strateqic and Critical Materials
and Minerals

The United States grew rapidly from a colony to an

industrialized nation largely because of its self-
sufficiency due to abundant energy and raw materials (45:2).
At the time of the Revolutionary War, the annual per capita
use of minerals in the colonies was about 1200 pounds. This
use consisted of 1000 pounds of sand and gravel, 112 pounds
of brick and lime, 40 pounds of coal, and 20 pounds of iron.
The remainder consisted of copper, glass, lead, potash,
salt, nitrates, sulfur, and zinc. Within 200 years the
population grew from 2.3 million to 220 million and the
annual consumption increased to 41,000 pounds per person.
Currently, it takes more than four billion tons of new
materic: = each year to sustain the U.S. economy (12:764).
President Theodore Roosevelt‘s Administration was the
first to review critical materials and their importance. He
established the National Conservation Commission in 190%.

The Commission predicted that domestic sources of petroleum

and high-grade ore would be depleted by the middlie of the

century; although ideas for solving the possible dilemma

were discussed, no permanent action was taken by the i"“
Congress or the Executive Branch (27:4). The difficulties e
of obtaining critical materials became more apparent during

World War [, and as a result, in 1921 the Army General Staff » -

K
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started planning a critical materials stockpile to help meet
future wartime requirements (45:88). Then, in 1921 the War
Department studied those critical materials in short supply
during World War I. The War Department then published the
Harbard List which cited 28 different minerals necessary in
future wars. Once again, no real action was taken by the
authorities to stockpile until war returned to Europe in
1939 (27:8). The first stockpile was established during the
mobilization period before World War Il when the National
Stockpile was created by the Strategic and Critical
Materials Stockpiling Act of June 7, 1939 (12:230). At that
time, Congress appropriated ten million dollars (27:4> for
the purchase of materials for the stockpile, but the set
goals were not achieved, and the stockpile was quickly
eliminated during the early stages of the war. Other
related actions which took place during the war involved the
expansion of the minerals industries. President Roosevelt
designated more than 100 different minerals and metals as
essential to war. As a result, the aluminum ocutput tripled
from 1942-1944, magnesium production increased 350 times
within 5 years, and steel production was one third higher in
1944 than in 1940. In addition, large quantities of
tungsten, mercury, and chrome were also obtained. By
focusing on the production of critical materials, the United
States produced 454 of all the combat munitions and arms
used in 1944 (27:7). President Truman reflected on the

supply problems encountered during World War [l when he

12
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addressed Congress in 1946:

The development of our natural resources

iSeaasc..startling. We have torn from the earth

copper, iron ore, tungsten, and every mineral
required to fight a war, without regard to our
future supplies. We have taken what we needed. We

were not able to, and we did not, take account of

tomorrow [27:71.

To more effectively plan for future national
emergencies, the Strategic and Critical Materials
Stockpiling Act of 1939 was reviewed, and subsequentiy
replaced by the Strategic and Critical Materials Stockpiling
Act Amendment of 1946. This new law sought to improve
domestic production and expand the stockpile of strategic
and critical materials not already present in sufficient
quantities to meet national security requirements (435:88).
The Amendments were deemed necessary because of the
shortages and disruptions in rubber, tin, tungsten, copper,
and other essential materials experienced during World War
II. New legistation encouraged the development of new mines

and deposits of certain critical materials (12:230).

Congress passed the Defense Production Act of 1950 to

stimulate the rapid expansion of our nation’s industrial

A4 ST
l-'- .

capacity during the Korean Conflict (36:61). Not only did .~Ljf

it provide for the expanded production of military material

and equipment during a crisis, but the Defense Production

. , .o,
DS WP/ 22

Act also authorized Government purchases of metals,
minerals, and materials to stimulate the defense-related
expansion of production capacity (12:230). It also

authorized the President to institute preparedness programs

13
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to improve the industrial base and to prepare for national
defense mobilization programs. The Defense Production Act,
originally intended to last until 1952, has been extended by
31 public laws and is still in effect today. It provides
for the following: Title 1: The assignment of priorities
and allocations of defense materials; Title 2: The
authorization to requisition strateqgic materials and
facilities; and Title 3: The authorization to help finance
improvements and expansion of production capacity and supply
(45:89).

On January 22, 1951, the President‘s Materials Policy
Commission was created by Executive Order of President Harry

Truman . The Commission investigated five major areas: The

long-range requirements outlook; the long-range suppiy
outliook; the estimated extent of shortages of strategic
materials; the consistency and adequacy of existing
Government policies, plans, and programs; and the

consistency and adequacy of private industry practices. The
Commission later became Known as the "Paley Commission.”
The Paley Commission was formed at a time in history when we
had scarcely recovered from World War 1 and World 11, yet at
the same time we found ourselves faced with the demand for
material requirements to support the Korean War. The Paley
Commission addressed our wartime demands and also the
peacetime requirements of a growing economy (12:32-33).

B8y the midpoint of the 20th Century we
had...completed our slow transition from a raw

14
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materials surplus nation to a raw materials deficit
nation [12:34].

The Commission turned their attention to different wars we
could promote the development and more effective use of our
domestic resources. They suggested that the United States
increase exploration, find less wasteful ways to wuse KkKnown
resources, increase the development of Ilower quality
resources, use renewable resources more widely, develop new
synthetic materials, produce materials that last longer, and
finally increase the use of recovery and recycling (12:34).
The Paley Commission addressed directly the Nation’s growing
reliance on imported materials from abroad. It rejected
total self-sufficiency, even for the sake of national

security, as dangerous; instead, the Commission favored the

least cost principle. Nevertheless, the Commission
expressed concern over import-dependence and its possible
effect on our strategic concerns. As a result, they

recommended the stockpiling of strategic materials when "an
economical l¥y~viable domestic industry cculd not be sustained
[12:351."

Two of the most important recommendations made by the
the Paley Commission, also Known as the President’s
Materials Policy Commission, were as follows:

First, the analytical capability of government must

be strengthened from top to bottom, and second, the

dimensions of the issues require direction by a

policy group within the Executive Office of the

President [27:101.

These recommendations were implemented 24 years later with
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Stockpiling Act

copper to defense contractors to ease price

.......................

adoption of the Strategic and Critical Materials

more detail later.

Overall, what our experience during the Korean
Conflict and two world wars has taught us is that
the singularly important difference between a
peacetime and a wartime economy is the degree to
which the industrial base can respond to
unanticipated wartime demands. Otherwise, the
requirements for a smoothly functioning economy
during peace and during war are similar. Both
depend upon an industrial base that reflects
planning and established priorities. Both require
an existing military strength, maximum employment,
and adequate purchasing power. Nei ther can
function without ready supplies of virtually every
Known raw material [(43:19].

of 1979 (27:10) which will be discussed in

After World War II, the U.S. stockpile was to retain

a five-year conflict requiring a military force of

(27:10). Taking this attitude into account, note that
1964-1948 there were major releases of stockpile materi

The Vietnam War was being fought, and the sale of sur

Vietnam Conflict period, industry experienced sharply ri

prices. Therefore, the President ordered the release

16

sufficient quantities of strategic materials to last through

ten

million, but in 1958 this was changed to a three-year period
requiring a force of five million (12:233). The need for
raw materials was not as obvious, and the lessons learned

during World War I and World War Il had been forgotten

from
als,

plus

items from the stockpile was motivated by economics rather
than nationai security. The principal minerals sold were

copper and nickel. With Copper in short supply during the
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| provide more materials for war. The nickel was released
because of an ongoing strike in Canada, which at that time
was the major producer of nickel, These minerals were never
replaced (27:10).

Title I of the National Materials Policy Act of 1970
created the National Commission on Materials Policy. Its
purpose was to enhance the quality of the environment and to
conserve materials in anticipation of future requirements of
our Nation and the world, The Commission made

recommendations on supply, use, recovery, and disposal of

strategic materials. On June 27, 1973, the Commission
transmitted to the President and Congress a report entitlied,
"Materials Needs and the Environment Today and Tomorrow.*
The paper addressed the issue of how current and future
materials needs could be met while gtill maintaining or
improving the environmental quality (12:35). The report
empha;ized interrelationships between materials, energy, and
the environment; in other words, issues involving one of
these should be considered as inveolving all. The Commission
noted that the United States was more autonomous than any
major industrial country in the world except the Soviet
Union, and that we imported most materials not because we
lTacked materials but because we coulid buy elsewhere at a

more reasonable cost. They reaffirmed the "least cost

principle® of the Paley Commission and made the following

conclusion: IERARE

«e.in  the interest of national security, it is
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unwise to become import dependent upon specific

strategic commodities for which the United States

lacks a resource base and which are obtained mainly
from a small number of countries which may choose

to restrict or cut off the flow of supply ... The

interest of the national security will be served by

maintaining access to a reasonable number of
diverse suppliers for as many materials as possible

[12:34].

The Commission made the following recommendations to reduce
import dependency:

1. Foster the expansion of domestic production.

2. Diversify the sources of supply.

3. Develop special relations with reliable sources.

4. Find substitutes and develop synthetics.

5. Increase the dependence of supplying countries upon

U.S. goodwill.

4. Allocate present supplies through priority use.

As a result of reports like the one submitted by the
National Commission on Materials Policy, numerous pieces of
legislation were passed on water and air quality standards.
Many domestic suppliers of strategic materials found it too
expensive to meet EPA standards, and the mining industry was
no exception, The average industry spends six percent of
its capital expenditures on pollution control equipment but
the non-ferrous metals mining industry spends about nineteen
percent, As a result, the mining industry tried to reduce
their costs by using more economical foreign material
resources (45:3)>. From 1971-1973 hundreds of mines and

smel ters closed down or moved to foreigh countries because

of the strict environmental and health standards. Vast

18
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public lands were closed to mining companies; for example,
in 1968 seventeen percent of public lands were closed to
mining but by 1974 sixty—-seven percent had closed. These
events prompted a shortage of minerals in the United States;
to overcome the situation minerals were sold out of the
National Defense Stockpile to offset high trade deficits
created by the Arab 0il Crisis (27:12).,

On April 14, 1973, President Nixon reduced the MNational
Strategic Stockpile to reflect planning for a one-year
conflict. His reasons follow: The world outiook was more
peaceful, improved technology made substitution of scarce
materials easier, defense needs could be met through the
civilian sector, and a one-year emergency would give
adequate time for mobilization (12:233). Large quantities
of chromium, manganese, aluminum, copper, and cobalt were
sold. For example, in 1972 the National Stockpile contained
48 million pounds of cobalt; but by December 31, 1975, the
stockpile contained only 45 million pounds. The sale of the
excess strategic materials helped to maintain price control
and price stabilization efforts during a time when the
United States was broke and deeply in debt (43:89). On
March S5, 1975, the Subcommittee on Seapower and Strategic
and Critical Materials of the House Committee on Armed
Services voted to authorize no further disposals of
stockpile materials until a new policy study was performed.
In response, on October 1, 1976, the Ford Administration

announced a major new long-range program of acquisition and

19
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disposa

1s for the stockpile based on the first three years

of an emergency of indefinite duration. Goals increased for

72 of

Carter”’

the 93 stockpiled materials (12:233). President

s Administration reviewed and reaffirmed the Ford

Administration’s policy in October of 1977 but the

allocat

not o

allocat

ion of funds for the purchase of new materials did
1low. In fact, no large amount of money had been
ed since 1940 (27:13).

Concern over the condition of our National Stockpile

prompte
Materia

the pr

d Congress to pass the Strategic and Critical
ls Stockpiling Revision Act of 1979 (45:90). During

ior two decades, the policy on the stockpile had

sharply fluctuated as the administrations had changed. The

stockpi
level,
(12:48)
Act of
modific

(12:89)

le had been reduced from a five-year contingency
to a three-year level, and then to a one-year level
. The Strategic and Critical Materials Stockpiling
1939 was very much out of date, and the many
ations and provisions were confusing and conflicting

. The Strategic and Critical Materials Stockpiling

Revision Act of 1979 was the result of a two-year review of

U.S. mineral policies which sought to correct deficiencies
identified over the past 25-year period (27:13).

The major aspects of the Strategic and Critical
Materials StocKpiling Revision Act follow: 1, Stockpiles
would only be used for the defense of the United States and
not to influence commodity prices. 2. Goals were set at
a three-year contingency level, 3. The President would be

20
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responsible for managing the Stockpile (45:90-?1) and for
determining the materials, their quality, and quantity
(12:241>. Another important aspect of the Act strengthened
the legislative role of Congress in stockpile matters
(12:69) for instance, all disposals now require
Congressional approval, and stockpile goals cannot be
changed without prior written notice to Congress listing the
details and reasons for the proposed changes (12:233). This
act also placed into the National Defense Stockpile all
materials obtained and separately inventoried under all
previous acts (12:231). For example, the Stockpile Revision
Act combined the Defense Production Inventory and the
Supplemental Stockpile with the National Stockpile. The
President assigned stockpile planning and oversight
activities to the Director of the Federal Emergency
Management Agency (FEMA). The Office of Plans and
Preparedness within the agency has the responsibility of
developing guidelines for stockpiling strategic materials
and for periodically reviewing the stockpile goals.
Management functions were delegated to the General Services
Administration (GSA) and placed under the Federal Property
Resources Service within the GSA (12:241). Finally, each
year a list of goals, deficits, excesses, and priorities are
developed and assessed according to market conditions to
determine quantities to be bought and sold wi thout
disrupting the market. The list, also known as the Annual

Materials Plan (AMP), is submitted to Congress as part of

21
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the President’s budget each year (12:243).

Until 1979 no significant national policy on the issue
of the National Stockpile existed, so in 1980 a bill was
passed to establish an overall national minerals policy.
The National Materials and Minerals Policy, Research and
Development Act required the President to submit to Congress
annually a report on strategic materials. The major
emphasis of the report focused on the problems associated
with shortages or supply disruptions (45:92>. This bill
tasked the Office of Science and Technology Policr; the
Secretaries of Commerce, Interior, and Defense; the Federal
Emergency Management Administration; and the Director of the
CIA to work together to create reports concerning strategic
materials and minerals (45:92)., "It was at least a first
attempt to communicate between all the players interested in
a national materials policy [45:92]1."

The most recent piece of legislation passed is the
Critical Materials Act of 1982 which establishes a Council
on Critical Materials. Its tasks are to coordinate all
materials policy between various government agencies and
departments, to publicize the importance of strategic
materials to Congress and the public, and to consult with
private industry on strateqgic materials related issues
(45:72)> ., "lf the bill translates these ideas into reality,
a great deal will have been accomplished in correcting some
of the deficiencies of the stockpile management of the

1970°s (45:921."
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Conclusion

This section reviewed the evolution of the stockpile’s
content, role, and management, and showed how past U.S.
policy has often been one of reaction rather than deliberate
planning. Initially, in a developing country one may expect
to find this. However, the need for and the importance of
strategic materials was clearly identified during World War
I, yet, no action was taken until war returned to Europe in
193%. The history of the stockpile shows several times how
we have identified the importance of and need for many
materials but have failed to effectively plan for
interruption. The U.S., was fortunate during World War II in
its ability to maintain adequate supplies of strategic
materials located beyond its borders.

History also shows how the requirements of the stockpile
and its susceptability to political influence have changed.
As technology and weapon requirements have changed, so have
the materials in the stockpile. More exotic, stronger,
flexible, and temperature resistant materials have replaced
the basic materials of the earlier stockpiles.

As administrations changed, so did the role of the
stockpile. Its requirements to meet national needs changed
from five years, to three years, to one year, and back to
three years. 1t has been susceptible to political
influence by the selling of "excess stockpiled material® to
balance the <federal budget. Some of those materials sold

are now short of their required goal and will be very costly
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to replace at current prices.

Though the evolution of the stockpile has been
consistent with external threats to the United States, it
has not been a deliberate planned change. The imports of
strategic materials and minerals to the defense industry
must be realized not only during a crisis, but also before a
crisis, when there is adequate time for preparation.

Present National Policy and Status of the Natiopal Defense
Stockpile (NDS)

2 Present National Policy.

: The need for a national materials policy, embracing

forces berond the economic market place, has been the

subject of debate for over thirty years. The Paley

Commission, previously discussed, was the first to recommend
a comprehensive policy. The present national policy on
strategic materials has its foundation in Public Law 946-479

National Materials and Minerals Policy, Research and

Development Act of 1980.

This act, signed into law October 21, 1980 by President

Car ter, contains many of the Paley Commission

recommendations. The specific purpose of the act is:

to promote an adequate and stable supply of
materials necessary to maintain national security,
economic well being, and industrial production with
appropriate attention to achieving a 1long term
balance be tween energy needs, a heal thy
environment, natural resources conservation, and
social needs [12:711].

This was the first step towards a real national policy

on strategic and critical materials. The law requires the
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President to submit an annual plan to Congress which should
provide a suitable mechanism for the following:

Policy analysis and decision determination within
the Executive Office of the President;

Continuing long range analysis of materials use to

meet national -security economic, industrial and
social needs; the adequacy and stability of
supplies; and the industrial and economic

implications of supply shortages or disruptions;

Continuing private sector consultation and federal
materials programs; and

Interagency coordination at the tevel of the
President’s Cabinet [12:711.

The Reagan Administration submitted the required report

entitled, National Materials and Minerals Program Plan and

Report to Congress, on April 5, 1982. It is the policy of

the Reagan Administration to:

decrease America’s mineral vulnerability by taking
positive action that will promote our national
security, help ensure a healthy and vigorous
economy, create American Jobs, and protect
America’s natural resources and environment [(S1:11].

President Reagan initiated adhoc committees and task
forces to suggest administrative and legislative actions to
help reduce our dependency and vulnerability. Some of the
actions initiated include (51:2-5).

The stimulation of private research and development

to ensure the availability of materials essential

to the nations economy and national defense.

The review and reform of excessively burdensome or

unnecessary regulations and statutes which

adversely affect the domestic minerals industry.

Directing a panel of experts to review the quality

of materials in the stockpile and recommend such

actions as necessary to ensure the quality of the
stockpile.
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Ensuring high level consideration of important
materials policy issues will be coordinated through
the cabinet council on Natural Resources and
Environment,

Directing his administration to stimulate <federal
land availability.

His administration will rely primarily upon the NDS to
provide for national defense objectives, Purchases of
materials to meet the present stockpile goal will be made on
the open market. The report intends that:

these steps will begin to focus the attention of

the nation on those specific mineral availability

and processing problems that are posed to our

economy and our national security by dependence on

insecure sources where useable substitutes are not

readily available [51:11.

President Reagan is the first President in over twenty
years to take positive steps in reducing America‘’s
vulnerability to a minerals supply disruption. Even before
his election, he expressed his concern over the increasing
dependence of the United States on foreign sources for
several strategic and critical materials., He also expressed
concern over the state of the NDS and the ability of
Americans to produce and supply many of these vi tal
resources.

He initiated ¢the first major purchase of strategic
materials for the NDS in over twenty years. He called for
the expenditure of $100 million; of which $78 million went
for the purchase of cobalt (S51:1), Some of the recent

additions to the stockpile include one million tons of

bauxite, 800 ounces of iridium, and 398 tons of rubber.
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As stated earlier, the purpose of the NDS is to meet
the military and essential civilian needs in time of
mobilization or declared national emergency for a period of
no less than three years. The use of stockpile material for
economic or budgetary purposes has been specifically
prohibited. At this point, it would be useful to examine
the contents, status of minerals, determination of stockpile

goals, and quality and form considerations,

Contents and Status of the National Defense Stockpile.

The NDS provides the cornerstone of the U.S. minerals
policy. The NDS provides against a dangerous and costly
dependence on foreign strategic and critical materials
during an emergency. It consists of 93 commodities, 80 of
which are mineral origin and the remainder are agricultural
products. Specific goals have been set for &4 of the 80
mineral commodities, These 64 commodities represent 34
different minerals in various forms and stages of processing
(21:7-8). Appendix A provides an explanation and detailed
listing of all commodities in the stockpile, its inventory
level, goal, and value. Figure 1 provides a capsulized
summary of stockpile goals met.

Many of the materiales in the stockpile exceed their
goals. However, these surpluses were accumulated in the
previous decades and many resulted by reducing inventory
Qoals (38:25).

Today, the stockpile is wvalued at $11.1 billion, of
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which 4.1 billion represents excess inventories, To meet
all stated stockpile goals will require the addition of $9.8
billion of inventory. The total value of the stockpile
would then be worth $16.8 Dbillion. At the present
appropriation levels existing today ($100 million), Paul
Krueger of the Federal Emergency Management Agency, in
testimony before the Congress, stated it would take 100 years

to achieve existing stockpile goals (59:37>. Unfortunately,

ki

the Reagan Administration has been neither successful nor

24 equal or exceed goals.

80-99%

37 less than goals

. 0-19% 6 1

) 60-79%

" ’ N
. 20-39% 40-59% : _:‘:;
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;’ Fig 1. Percent of Stockpile Goals Filled. Source (22:4)
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Table 1

Stockpile Requirements Met For Study Materials

- O " - I e G . — . —  w— — ——  — —  — — ——  — — ——— —  — —-—

Material Unit Goal Inventory Z Inu. Met
Chromium.......... ST Cr Metal 1,353,000 1,324,2123 ?7.9

Chromite, Chemical

Grade Ofre..ovvaves SOT 475,000 242,414 39.%
Chromite, Metal-

lturgical Grade Ore 30T 3,200,000 2,488,043 7?2.7
Chromium, Ferro

High Carbon..... . ST 185,000 402,694 217.46

Chromiuym, Ferro

Low Carbon........ ST 75,000 318,892 425.1

Chromium, Ferro

Silicon.vieavaanae ST 90,000 58,357 4.8

Chromium, Metal... ST 20,000 3,743 13.8

Cobalt....ciovvunns L8 Co 85,400,000 45,995,714 53.8
Manganese....coee s ST Mn Metal 1,500,000 1,958,966 130.6

Manganese Ore

Chemical Grade.... ST 170,000 194,453 114.5
Manganese Ore Metal-

lurgical Grade,... SDT 2,700,000 3,367,103 124.7
Manganese, Ferro

High Carbon ST 439,000 599,978 134.4
Manganese, Ferro

Low Carbon.......o ST 0 0 NA
Manganese, Ferro

Medium Carbon..... ST 0 28,920 NA
Manganese, Silicon ST 0 23,574 NA

Manganese, Metal

Electrolytic.,..... ST 0 14,172 N&
Rutile....cccuiaens soT 104,000 39,186 34.9

Titanium Sponge... ST 195,000 32,331 14.5

Source (4:17-19
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aggressive in increasing the funding levels for the purchase

of needed minerals.

Determination of Stockpile Goals.

The Federal Emergency Management Agency uses a
complicated econometric model to estimate the needs of a
wartime economy. These requirements are broken into three

separate economic sectors explained below (21:3),

Defense - All production necessary to obtain
weapons, manpower, and support, including the

production of that segment of the population in
support of the war or emergency.

Essential Civilian ~ Those expenditures necessary
to maintain the health, safety, morale, and
productivity of that segment of the population in
support of the war or emergency.

General Civilian - Those expenditures, which after
beli tightening, are necessary to support the
population and maintain a viable industrial base.

This division of the economy into three sectors allows
for national priorities to better reflect material
requirements,

Figures 2 and 2a provide a flow chart description of the

stockpile determination process.

Demand Requirements.

Starting with projections of a peacetime Gross National
Product (GNP) in the wartime period, wvarious factors are
introduced into the model to reflect the economy in both
peace time and wartime. In addition, to the normal policy
instruments such as interest rates, corporate tax rates,

etc.,, a number of other planning factors are introduced.

30
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These inputs reflect civilian austerity, demand shifts,
purchasing restrictions, defense expenditure patterns, etc.
These factors, plus defense expenditure patterns for both
new weapons systems and support costs are introduced, as
also are, the allocations to the essential and general
civilian categories (21:3).

After these calculations have been made, wartime GNP
estimates are made for each sector of the economy. The
defense, essential, and general civilian sectors are then
spread into 250 categories and run through a Demand Impact
Transformation Table which converts the data into demand
requirements for 109 industries. These estimates are again
processed resulting in the total gross output of each
industry necessary to meet the demand of each sector in the

economy (21:4).

Estimating Rates o+ Consumption of Specific
Materials.

Department of Commerce industry analysts provide
estimates, wusing a historical data base, on the consumption
of 48 stockpiled minerals for the 109 industries. These
analysts develop a material consumption ratio (MCR) to
project the requirements for the period encompassed by the
emergency period. Currently, this is three years. At this
point, factors reflecting the willingness to accept
shortfalls and to reflect errors in the estimated
consumption ratios are introduced. A range of errors are

developed. The most conservative errors are applied to the

33
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defense requirements so as to minimize the risk of materials
shortages in this sector., The most 1liberal errors are

applied to the general civilian sector (21:7).

Final Material Requirements for Specific Materials.

Total gross output estimates are stated in constant
dollars and material consumption ratios in terms of the
physical consumption of a material per dollar of industry
output. When an MCR for a specific material is multiplied
against gross output, that industry’s physical consumption
for the specific material results. These calculations are
performed for each material in the stockpile; for each of
the 109 industries; for each tier in the model; and for each
year in the model.

Substitution possibilities, ranging from 0-100 percent
depending on the material, are considered. At last,
consumption estimates can be totaled +for each separate
industry. These totals become the total requirements for a
specific material in a specific tier for a given year

(21:8>.

Estimating Supplies of Stockpiled Materials.

Supply estimates are generated by considering the
production possibilities from over 141 countries. Bureau of

Mines mineral specialists track the actual import quantities

of materials and provide projections for future
availability. Both normal and expanded production
capabilities are considered.

34
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Each country, considered as a possible source during
times of a possible emergency, is assigned a political
reliabitity factor. The specialists consider, such things
as, political orientation toward the United States, ability
to maintain material exports in wartime, dependability of
the labor force in wartime, and vulnerability to sabotage,
when assigning a country a reliability factor. Each country
receives a rating indicating the probability of it being
able to supply the United States. The countries are then
ranked and placed in percentile groups. Countries above the
335th percentile are acceptable sources for supply in the
general civilian sector; those above the 70th percentile are
acceptable sources for essential civilian sector; and
lastly, those countries above the 90th percentile are
acceptable to the defense sector (21:10).

Because many of the materials are transported by ship
and air, they are vulnerable to interception and destruction
by the enemy. For this reason transportation losses are
applied to the supplies after political reliability
discounts (21:12>. From this, an estimate of deliverable
supplies is derived. These estimated supplies o through a
further series of adjustments (indicated on the flow chart)
before becoming the final stockpile goal for a sector. This
process is completed for each sector of the economy and for
each mineral considered for stockpiling. The final
stockpile goal for a mineral is the summation of the three

individual sector goals for a specific material for three
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succeeding years.

Significant changes in supply, demand, or both of a
material could be reflected in the stockpile goal for that
material changing from zero or being reduced to nothing.

This model offers several advantages over previous ones
because the estimates are internally consistent, For
example, chromite consumption is based on steel output,
inturn based on the final demand of motor vehicles which
inturn is consistent with the overall level and composition
of GNP. Another advantage is that it allows for alternate
economic scenarios to generate a range of material
requirements. Whenever material requirements exceed the
estimated supplies, the materials shculd be stockpiled to

cover the identified shortages (14:228).

Form and Quality of Stockpiled Materials.

The materials contained in the National Defense
Stockpile are stored in various forms such as ores, allors,
ingots, and powders. The form and quality of materials is
important because it impacts on the time and ease with which
they can be converted into useful forms,

The National Materials Advisory Board completed a study

in 1981 entitled, onsiderations in Choice of Form for

Materials for the National Stockpile. The report points out

that most of the materials in the stocKpile were purchased
some 30 years ago and made some general conclusions in the

following areas:
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1. Considerations of Form for Stockpiled Materials.

Major considerations in determining the suitability of a

candidate form are materials, processing, and energy.
Materials.

*"Material aspects of form selection embrace flexibility,
technological <currency of the material, and adequacy of
characterization [44:132)."

Processing.

The U.S. has limited processing capabilities of certain
materials, titanium and aluminium for example. Thus, we are
dependent upon foreign nations to process many of the
stockpiled materials (446:132).

Energy.

This is another possible constraint on the effectiveness
of the stockpiled materials. Aluminium requires large
amounts of energry during its conversion process. “It is
doubtful that sufficient electrical power could be made
available in the vicinity of the existing aluminium csmelters
to convert the alumina to aluminium in the time frame of a
national emergency (44:132)."

2. Stockpiling of Recycled or Recrclable Forms of

Materials.

The Board concluded the <stockpiling of (44:13%9)

"recyclable forms of materials pose technical problems...
that outweigh the possible economic benefits.

3. Need for Rotation of Stockpiled Materials.

They found that technical obsolescence was a major
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problem and will impair the wutility of the stockpile in
times of national emergency. Obsclescence arises from two
distinct causes:

a. Stockpiled material is purchased to the <state

of the art specifications, As the state of the art

improves, specifications are revised and user

expectations increase, but the stockpiled material

is frozen in time;

b. Stockpile disposals have tended... to emphasize

disposal of the purest, most desirable forms, and

to leave behind the 1teast pure, 1least desirable

form [46:1401.

They recommended that to assure the technological
adequacy of the stockpile a formal program of rotation for
all stocks as demanded by specification and process changes

be implemented (44:140).,

4. Specifications of StocKpiled Materials.

The stockpile cannot meet its purpose unless the quality
and currency of the specifications for the materials are
updated. Failure to do so has led to inventories that are
inadequate to meet present and future needs (44:141).

S. Implications for Stockpile Management.

Here, the Board concluded that recent legislation (1979
Stockpiling Act) was beneficial to national security but
further benefit would derive from depoliticizing management
of the stockpile. It also mentioned, various constraints
have prevented the timely buildup of the stockpile and the
Presidents annual material plan does not adequately address
the qualitative aspects of the stockpile but only the

quantitative aspects of its management (446:46-7),
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Material processes, technology, energy requirements,
specifications, etc., are constantly changing. Thus, the
stockpile should be a dynamic entity that reacts to various
forces of the market place and technical environment
(446:139) . If it does not, it can hardly be effective for
its intended purpose. Unfortunately, this has not been done
in the past and the quality of the materials in the

stockpile are suspect.

Quality of Stockpiled Materials.

As previously stated, the majority of stockpiled
materials were purchased prior to 1960 and are the results
of World War Il surpluses. Rightfully then, much concern
exists about their quality. Many of the commodities are not
useable duye to changes in technology, requirements,
specifications, etc., and our ability to process some of
these materials in sufficient quantities no longer exists.
(Much of what the U.S. imports is processed abroad.)

The DOD study entitled, Military Assessment of the

National Defense Stockpile concluded:

The content of the NDS is only marginally adequate

to provide significant assistance and support to

any surge or industrial mobilization. Therefore, a

restructuring of the NDS is needed, and current

stockpile gQoals must be revised [13:12.

The Joint Strategic Stockpile Working Group, who
performed the DOD assessment, recommends the addition of
gallium, germanium, hafnium, tellurium, and zirconium to the

NDS because of their long procurement times.
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The National Materials Advisory Board has recently
concluded a study to identify materials in the stockpile
that require assessment most urgently. Forty-four materials
were assessed. Of those, eight were placed in a high
priority category requiring immediate <further assessment;
six were placed in a medium priority category; 12 were
placed in a low priority category; and eighteen required no
further assessment. Those requiring immediate assessment
include chromium metal, chrysotile asbestos, the columbium
group, ferrcchromium, nickel metal, the tantalum group,
titanium sponqe, and vanadium pentoxide. Those materials
placed in the medium priority assessment category include
aluminum oxide, abrasive quality; antimony; flourspar, acid
grade, iodine; silicon carbide, crude, manganese dioxide,
natural ore, and synthetic material (47:1). Some of the
major recommendations of the Board are outlined below:

Initiate action to provide for immediate detailed
examination of those materials in the high-priority
category and then for those in the medium-priority
category.

Keep accurate and complete records on new
acquisitions and those materials reassessed in the
program initiated (Recommendation 1) and retain test
samples for possible future re-evaluation.

Develop and maintain up-to-date specifications on
all stockpile materials so as to identify how much of a
commodity is available for a specific end use or must
be acquired or upgraded to meet goals and to identify
which materials can be disposed of iif in excess of
goals.

To minimize obsolescence and Keep the stockpile
dynamic, expand the options available to stockpile

management to review all holdings biennially for
technological currency, to rotate materials on an
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appropriate time scale (in general, in terms of years
rather than decades), and to report annually all
actions or nonactions and the reasons for them.
Authorize stockpile management to engage in Dbarter,
exchange, and total conversion of materials to current
specifications and to different forms that may be
required to meet surge in industrial demand in the
initial stage of a national emergency.

Structure the stockpile inventories so that forms
and purity will be available for direct application to
a diversity of critical end uses, cover the demand
surge during a national emergency, and will minimize
the time needed for upgrading the lower forms to meet
end use requirements [47:2-31.

A Department of Commerce study, entitled Critical

Material Requirements of the U.S. Aerospace Industry,

suggests that all of the low carbon ferrochromium in the
National Defense Stockpile is unsuitable for aerospace usage
because it contains high 1levels of carbon and nitrogen.
Specialty steel experts say the quality of the chromium may
not be of sufficient quality to meet the requirements for
aircraft rotating parts (14:141-142).

The same study casts some doubts as to the quality of
cobalt in the National Defense Stockpile:

There is some industry concern about the quality of

the current NDS holdings, particularly for

aerospace usage. The current stocks were acquired

before the extreme high purity superalloys used in

today‘s aircraft engines were developed. In fact,

the technical equipment needed to identify the

residual content of 15-20 elements critical for

current aerospace cobalt usage did not even exist

when the current NDS material was stockpiled
{14:75).

In addition to questionable qualities of chromium and
cobalt, concern should exist over the quality of titanium

sponge and the form of manganese. The National Materials
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Advisory Board reports that purchase specification data on

much of the titanium sponge in the NDS is missing (47:42).
This missing data seriously limits the amount of titanium
sponge that may be consumed for aerospace usage. Also, the
l resul ting physical quality from deterioration and
contamination of some of the titanium makes its use
questionable for the fabrication of rotating parts.

Perhaps, the largest concern about manganese is its +crm

in the NDS. It is true the amount of manganese ore in the
stockpile is well above its established goal. However, the
manganese is mostly in the unuseable basic ore form. The
ore must be processed into ferrocalloys to be wuseful. In
1981, the U.S. processing of manganese ore into high,
i medium, and low carbon ferromanganese was only 23 percent of

consumption, down from 83 percent in 1970 (13:10%9). Thus,

it appears the stockpile of ferromanganese is extremely low
i in face of declining processing capability.

In summary, there are serious problems with the present
level of stockpile goals and varying problems involving the
quality and form of many materials. The goals are
continuously subject to fluctuation and many of the
materials in the stockpile are of questionable value to the

defense industry.
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Not +far in the future awaits sudden recognition of
the materials crisis with a possibility of more
devastating effects than our current energy crisis.
Unfortunately, it will take a major embargo, or
fall of South Africa, or Saviet owert threats to
interdict our supply routes to wake us up to this
materials crisis [44:21].

Jack Schmitt

U.S. Senator

Strateqic Material Dependence and WYulnerability: (=
Closer Look

Strategic Material Dependence.

This section of the study will examine dependence,
vulnerability, and the role of the Soviet Union in what has
become known as the resource war.

As stated earlier in this paper, minerals are essential
to the health and survival of the United States. They are
used in every facet of our "industrial base;" agriculture,
transportation, aerospace, manufacturing, electronics, and
construction. From an economic standpoint, the value of the
materials can be seen by studying figure 3.

The importation of $30 billion worth of processed and
raw materials of mineral origins clearly shows our
dependence on foreign minerals. This dependence contributed
$12 billion toward the United States’ trade deficit. The
U.S. is second to none in the production and consumption of
non fuel minerals,

In 1981, it was estimated that 18,000 pounds of nonfuel
minerals per individual in the U.S. were consumed, and this

is expected to increase in the future. In fact, the U.S.
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with about 35/ of the world’s population and 74 of its land
area, consumes about 13% of the world’s raw materials (6:2),
Figures 4 and S5 illustrate per capita consumption and
consuymption by end use.

Competition <for these resources will unquestionably

stiffen in the years ahead as we compete with other

industrialized nations and the developing Third Worild

Nations, many of whom presently supply the “industrialized

world.”

As of 1981 (6:3):

U.S. import dependence on raw materials was about

257. of consumption, and the country was more than

504 reliant on imports for 25 critical minerals.

Among the major users only the U.S.S.R. is largely

self sufficient. Europe and Japan are 7?54 and 90X

dependent on imports, respectively, and there s

mounting evidence that the Soviets are finding it

more difficult to meet their own and other eastern

block requirements.

Figures &6 and 7?7 illustrate U.S., U,S.S.R., Japan, and
European Economic Community dependence on selected minerals
as of the years indicated. #Appendix B contains complete
listings of U.S. net import reliance of metals and minerals
for 1983.

A question of dependence? No, the figures clearly
indicate the U.S. is dependent on Canada, Australia, Mexico,
the Republic of South Africa, and other developed nations to
provide for over two-thirds of our industrial raw materials
(6:3). With the exception of titanium, the Soviet Union,

Republic of South Africa, and other Southern African nations

provide nearly 1004 of the materials that are the focus of
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MINERALS ANO NET HPORT AELIANCE® AS A PEACENT MAJOR FOREIGN SOURCES. 3/ -
METALS 2/ OF APPARENT CONSUMPTION (1978-1981)
() m 5% ™ 100% .
L 1 [ ] J - .,
coLumMBium 100 RIS 5RAZIL CANADA, THAILAND -
DIAMOND (isduserisl stones) 100 DEDENNERENRENEEREER ReP. OF SOUTH AFRICA, ZAIRE. BELG.-LUX. UK .
GRAPHITE (somrel) 100  ENINENNENSERENNERREE MEXICO, AEP. OF KOAEA, MADAGASCAR, CHINA
MICA (shoet) 1w ENEERNETERE x0w JRAZIL MADAGASCAR
STRONTHIM 100 INNENRANRRSGMRRENEE  wexicO
. MANGARESE o  IEREEPORENREN] AP OF SOUTH AFAICA, FRANCE, GABON, SRAZIL
. BAUXITE & ALUMIA 9  RSERRNRIEARNERENT AUSTRALIA, JAMAICA, GUINEA, SURINAME
’ COSALT " EANTERRAERRGEERT ] LARE ZAMBIA. SELG.-LUX. FINLAND - -
TANTALUM % ENERNRANERPECISEEN ] THAILAND, CANADA, MALAYSIA, SRAZIL .
CHAOMIUM ¢ NEECRRRERTRNRINEERT ) AP OF SOUTH AFRICA, U.S.S.A. PHILIPPINES, TURKEY :
FLUOASPAR 7 PNRENENEEEET ) MEXICO, AEP. OF SOUTH AFRICA, ITALY, SPAIN
PLATINUM—GROUP METALS 5 DRSNS Acr. OF SOUTH AFMICA, USSR, UK
MCREL ™ NSRRI ) CANAODA. NORWAY. BOTSWANA AUSTRALIA
ASSESTOS 17 SERATRANNNERENN 1 CANADA. REP. OF SOUTH AFRICA
n 7 JRNERAENNNE ] MALAVSIA THAILAND, BOLIVIA. INOONESIA .
POTASH " TSR] CANADA, ISRAEL .
cADMIUM ¢ OENEERERANRNNL ) CANADA AUSTRAUA. MEXICO, REP. OF XOREA S
SHVER 9 NENENNNEEMEN ] CANADA MEXICO, UX. R
me 3 SRR ] CANADA PEAU. MEXICO, SPAIN S
BAAITE 12 BN ] CHINA PERU. CHILE, MORGCCO I
SELEMIUM 50 BNDNBEERRNIET 1 CANADA JAPAN. FED. REP. OF GEAMAAY, UX. e
TunGSTEN ¢ DEENEENENNNT ] CANACA 30UVIA, CHINA THAILAXD e
ANTWIONY ¢ UENERENEENNTT ) ner. OF SOUTH AFRICA. BOLIVIA, CMINA. FRANCE
%0LD ¢ WY ] CANADA, US.SA. SWITZERLAND
MERCURY 4 DN ] SPAIN, JAPAN, ITALY, ALGERIA
GYPSUM ' m ]  CANADA MEXICO, SPAIN
1ROW ORE N - m ——]  CANADA, VENEZUELA SAAZIL LISERIA
RON & STEEL 2 ] EUROPE, JAPAN, CANAOA
SIUCON » ——J  CANADA. NORWAY. BRAZIL AEP. OF SOUTN AFRICA
VARADIUM v ——J  REP. OF SOUTH AFRICA, CHILE, CANADA
MTROGEN (fxed) s N —1 USSR CANADA, MEXICO, TRINIDAD & TOBAGO -
COPPER T 1 CHILE, CANADA, PERU, ZAMBIA oo
I T T L 1
) %% 50% TR 190% -
BT WPONT ALLABCE « IIPOATS - CXPORTS _x/mmmnummnummom. S
+ADJUSTINNTS FOR SOV'T ARD MOUSTRY RNERNUN. SLATLLVM ABD ZIRCOR ARE IMPORTED. DATA
STUCK Ol S, WITNNELS TO AVOI0 OISCLOSING COMPARY
PROPRICTARY GATA.
SAPPAMERT CORSUNPTION = U.S. PRIARY
+SUCOMBARY PRESUCTION + BT SAPONT AELARCE J/lumsmummumwnm
VA ARG ANE RUT NECESSARRY THE MVTIAL SOURCES .
_Vsamun 10 1903 OF TN mATERAL

SUREAU OF MINES, U.S. DEPARTMENT OF THE INTERIOR S
{mpurt-emart don bem Duresn of Be Consmi

R

Fig 4. U.S. Net Import Reliance of Selected Minerals and
Metals As a Percent of Consumption in 1982 Source (43:28)
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this study. In fact:

Much of the world’s production and reserves of a
number of critical materials are located in two
areas of the world: Siberia and Southern Africa.
These two areas contain 994 of the world’s
manganese ore; 97/ of the world’s vanadium; 6% of
the world’s chrome; 87X of the world‘s diamonds; R
604 of the world vermiculite; and S0% of the o
world’s flouspar, iron ore, asbestos and uranium.

2aire and Zambia now provide &5/ of the world’s

cobalt [42:23].

With the concentration of these minerals in the U.S5.S.R.

e e g m g vorvoeveey
e . T e T
. . R

and politically unstable nations, it becomes not a question
of dependence but a question of vulnerability. The
following scenario indicates what we as Americans have taken
for granted and how much thought the average citizen gives .
this problem.

The commuter slipped behind the wheel of his

Detroit built sedan. Switching on the ignition —
system built with Zambian copper and Ghanain -——
aluminum, he drew power from a battery made of e
Missouri lead and South African antimony to start
an engine of Pittsburgh steel strengthened by South R
African manganese and hardened with chrome from RS

Zimbabwe. The car rolled on tire treads blended i
from natural rubber from an Algerian photochemical =T
base. The exhaust from Nigerian gasoline was -
cleansed by Russian platinum. The commuter

swi tched on the radio with invisible traces of
cobalt from Zaire and tantalum from Mozambique,
heard a newscaster’s report of a Communist led coup
in a small country in southern Africa. What’s that -
to me, he thought switching to a station carrying :f
the latest sports results [54:11. :¥

Yulnerability: Role of the Soviets. R

Our aim ies to gain control of the two great
treasure houses on which the West depends: The
treasure house of the Persian Gulf and the mineral
treasure house of Cenrntral and Southern Africa
[49:22].

Leonid Brezhnev 1973, President USSR R
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The Congressional handbook on U.S. Materials Import

Dependency and Vulnerability makes a proper distinction

L - :
. e T
:

be tween dependence and vylnerability. What criteria may be

used to distinguish between a materials import dependency

E and an impert wvulnerability? A strategic material is
considered vulnerable if there is: ’ :
{ A sufficiently critical need for the material by ﬂ
3 the nation’s industry such that a prolonged supply .
. interruption would almost inevitably result in
catastrophic economic and military consequences; A i )
lack of adequate domestic resources; limited 1
potential for the employment of suitabie substitute A
materialsy and lack of adequate alternative :

sources of supply [(12:3341.

A study performed for the DOD by the Institute for
Defense Analyses identified cobalt, chromium, manganese, and
platinum as the four most critical materials because of
their insecure supply. Three other materials titanium,
tantalum, and germanium were also identified as being
essential to defense production but somewhat less vulnerable
to supply disruptions (32:1:s14-15).,

Table Il shows the sources and level of dependence as of
1983 of the four materials in this study. With the
exception of titanium, the primary sources of these minerals
are located in the USSR and politically unstable regions of
Southern Africa.

Having defined vulnerability and examined the sources of
the study minerals, we will now review the attitudes and
activities of the ©Soviets towards strateqic materials

denial,
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The Soviet Union has long Known the importance of the

' earth’s minerals used in military equipment. Furthermore,
F! figure 8 appeared in Russian textbooks shortly after World
War I1.

F Table II

Materials Import Dependency/Vulnerability

P

E: Material Import Derendence Primary Sources
Cobait P64 Zaire, Zambia, Canada

& Chromium ?7% Rep. South Africa (RSA),

USSR, Philippines

Manganese P94 RSA, Gabon, Australia

Titanium

(Rutile Ore) Wi thheld* Australia, Siesrria-Leone
RSA

Titanium

Sponge Metal Withheld= Japan, China, USSR

Table Compiled From Mineral Commodity Summaries 1984.

#Withheld to avoid disclosing company data. Last published
reports in 1979 indicated 100/ dependence.

The Scoviet strateqr regarding strateqgic metals can be

traced to Stalin as early as 1921 when he wrote (54:466-67).

I+ Europe and America may be called the front or
the arena of major battles between socialism and
imperialism, the unequal nations and colonies with
the raw materials, fuel, food, and vast stores of
manpower, must be reqgarded as the rear, the reserve -

of imperialism. To win a war it is not only f‘ﬁ
necessary to triumph at the front, but to also KNESA
revolutionize the enemy’s rear, his reserves. e

Many political scientists believe that we are in the

midst of a "resource war" with the Soviet Union, and the IR
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Fig. B. Soviet Materials Awareness Source (49:6) '
"]
Soviets have done an cutstanding job of kKeeping the war just j
]
below our threshold of perception. In a speech in 1973, - 4
Leonid Brezhnev Dblatantly spoke of Soviet interest in the ’:‘ A
Persian Gulf and Southern Africa when he said:
S3
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Qur aim is to gain control of the two great
treasure houses on which the UWest depends: The
energy treasure house of the Persian Gulf and the
mineral treasure house of Central and Southern
Africa [49:221.

Examination of figure ? will clearly show the Soviets”

progress toward their goal. Note how the countries with

Soviet influence are beginning to encircie the mineral rich
nations. Their presence in mineral rich nations is
increasing. William Casey cites the examples below as

recent [1982] Soviet achievements in the Third World:

1. Victory in Vietnam and Hanoi’s consolidation of
power in all of lIndochina.

2. New radical regimes in Ethiopia, Angola, and
Nicaragua.

3. Possession of Afghanistan, a Russian goal for
over a century.

4. Cuban control of Grenada (and new military
facilities there for a further subversion.)

3. An act of insurgency in El Salvador, where U.S.
support of elected government has rekKindled old
Vietnam memories.

6, Nicaraguan support of revolutionary violence in
Honduras and Guatemala, as well as El Salvador.

7. U.S. expulsion from lran, which, though not
through any Soviet action, represented a major
strateqgic gain for the U.S.S.R.

8. Rapid progress toward Cuban control of Suriname,
the first breakthrough on the South American
Continent.

?. Pro-Western regimes under siege in Chad and the
Sudan [8:281.

James Sinclair, The Strateqic Metals War, feels the

Soviet minerals denial strategr in Central and Southern

Africa is one of physical disruption, domination of
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neighboring states, and market manipulation (54:91).

A recent example of physical disruption took place

1977-1978 when Cuban backed Angolan forces invaded the Shaba

ZAIRE
——— e
HEAVY USSR INFLUENCE COPPER
e DLMONDS
HIGHLY MINERALIZED COLUMBIUM
, TANTALUM
GOLD
TUNGSTEN
THE AREA OF ZAMBIA -
SOUTHERN AFRICA HAS: T COBALT
85% OF THE WORLD'S CHROME GOLD
88% OF THE WORLD'S PLATINUM MANGANESE
84% OF THE WORLD'S VANADIUM E
53% OF THE WORLD'S MANGANESE ZIMBABWE
52% OF THE WORLD'S COBALT - sout ArRicA CHROMILM
OPEC CONTROLS 52% SOTSWANA CHROMIUM COPPER
OF THE WORLD'S OIL CHROMIUM MANGANESE 6oL
DIAMONOS YANADIUM ASBESTOS

PLATINUM

Fig. 9. Africa: Mineral Reserves and Soviet Influence.
Source (49:3)

province of Zaire. Katangan rebels from Angola crossed the

border into 2aire attacking the mining industries in

very heavily mineralized area. The raid succeeded in

closing the mines and driving out the white engineers who

ran the mines (49:95). Survivors of the invasion claimed

during interrogation (52:21):

Their mission was to break up mining equipment,
destroy the mining infrastructure, intimidate the
western technical personne! and drive them out.

As a result of the invasion, the price of cobalt increased

........
........
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Katangan rebel invasion of 1978; the second took place in
1979, when a bridge on the Tazara railway to Tanzania was
destroryed by Rhodesian factions fueding with Zambia. This
reduced Zambia mineral trade with the West by 50 percent.
Lastly, in March of 1981 the Republic of South Africa
threatened to stop leasing railroad locomotives and cars to
2imbabwe as a result of disputes between these two countries
(45:34).

One other possible source of supply interruption would
be the interdiction of sea lanes. In view of present
international laws, this method is not given consideration
except in the case of protracted and direct hostilities
be tween the United States and the Soviet Union, Notewor thy
of mention, however, is the amazing progress the Soviet Navy
has made in the last decade. We are not dismissing the
point as irrelevant, but we feel it is better addressed by
strategic planners.

The increasing presence of Soviet proxies and Soviet
military personnel in the mineral rich nations of Africa
should be of great concern to the United States., Table 111
provides estimates of the presence of Soviet, Warsaw Pact,
and Cuban military advisors in Africa as of 1981,

Through economic and political ties in the region, the
Soviet Union has become a major force to be reckoned with.
Their goal, no doubt, is to diminish Western influence in
the region and hopefully “"create a climate in which African

states will develop along the Soviet model rather than as a
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politically free government oriented towards the market

economy (54:7%5).°

TABLE 111

Soviet/Warsaw Pact and Cuban Presence in Africa

Soviet/Warsaw Pact Cuban
Country Military Civilian Total Military Civilian Total
. Algeria 400 500 1,100 100 80 180
;i Angola 1,000 2,000 3,000 20,000 6,500 24,500
. Benin S0 10 40 100 20 120
i: Burundi 10 10 20 20 100 120
Cape Verde 10 20 30 100 10 110
Congo S0 100 150 500 110 410
4 Ethiopia 1,500 500 2,000 17,000 1,500 18,500
¢ Guinea 110 200 310 200 220 420
- 6. Bissau 10 30 60 200 40 260
hl Libya 1,300 1,000 2,500 S00 250 750
- Madagassgar 20 S50 70 40 10 S0
; Mali 10 20 30 20 10 30
= Mozambique S0 100 150 {,000 330 1,350
P - Sac Tome 30 10 49 100 80 180
Sierra Leone 20 10 20 200 10 210
Tanzania 100 20 120 800 20 820
Zambia 30 10 &0 80 10 90
Tota) 5,120 4,810 9,730 40,940 2,340 50,300

Source (29:44)

According to Sinclair, the Soviets have assigned 20,000
military advisors in the Third World countries where their
primary role is in "organizing, training, and penetrating
client armed forces (354:%1)."

In addition to providing "technical assistance® to many

Third World Nations, the Soviets and the Eastern European

countries in the Council of Mutual Economic Assistance

(COMECON)> have entered into 27 different agreements. The

basic agreements center on "large—-scale Soviet technical aid

for the exploration and development of new mines, with the




eventual payment in the form of recovered minerals [40:44).°
In addition to these agreements, the Soviets surprised
Washington in the spring of 1980 by signing an $839 million

arms deal with Zambia.

TP

The arms deal provided for the exchange of Soviet Mig-

y 21’s and other weapons for Zambian cobalt. Thus, the
f Soviets received a substantial supply of a critical material
a

E they had been importing in recent years without spending a

single ruble (23:59). Their means of procurement, barter,

5 is something the Soviets are old hands at. We should expect

to see more of this in the future.

The self sufficiency position of the Soviets has come
into question over the past several years as a result of
some of their moves in the international metals market.
Exports from the Soviet Union of chrome ore has dropped S04
over the past two years. There has also been substantial
reduction in the amounts of manganese, asbestos, platinum
group metals, nickel, wvanadium, lead, and titanium coming
out of Russia (40:43-44).

In the last few months [July 801 the Russians have

virtually stopped signing contracts with the West

for the future delivery of several critical

materials (40:43).

Daniel Fine feels a new pattern is emerging, and it is
not a passing phenomenon "that can be explained by temporary
shortages of Key minerals within the USSR 1[40:44)].," He

offers as possible explanations for this historic shift:

First, similar to other resource producers the
Soviet Union recognizes that the value of its own




non-renewable resources will increase in the long
term as world energy and mineral supplies become
short and thus higher priced.
! Second, in the 1long term the world will need
N Siberian resources at any price, thus providing the
< Soviet Union with decisive political power in the
N affairs of the West.
. Third, the outward access allows the Soviet Union

to consume and deplete foreign energy and minerals

(minimum costs) while preserving a Siberian

stockpile—-in-the—ground [42:391].

Whatever their reasons, there has been a markKed
departure from their historical behavior, and this requires
close monitoring in the future. For a discussion of Soviet

e minerals policy and estimates of current and future Soviet

mineral production and consumption, see Appendix C (5:7-11).

Soviet Market Manipulation and Embarqgo.

The Soviet Union is no stranger to manipulating prices
in the strategic metals market or completely stopping
exports to the United States for political or economic
reasons. Our +Ffirst experience with a Soviet materials
embargo resulted from the United States’ role in the Berlin
Airlift. In 1948, when the USSR was our primary source of
chromium and manganese, they halted all shipments to the
United States. By the late 1950’5 when the Soviets formally
withdrew their embargo, we were no longer dependent upon
them (24:684). By this time, we had diversified our sources.

The Soviets have not only targeted the United States
with these type actions but China as well, During the early

1960°s, when the Soviets and Chinese developed an
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ideological split, they stopped the exports of chromium,
cobalt, nickel, and even o0il. This action had a devastating
impact on the Chinese steel industry and forced China to "“
look elsewhere for these minerals (57:46-47>. They too, are

invelved in Southern Africa.

1 3
A good example of price manioulation took place during L

our self imposed embargo on Rhodesia during the 19707s. As

a result of our participation in the U.N. sponsored embargo,

U.S. companies were forced to purchase chromium from the » 'j

-
Soviets. The Soviets zeeing a "capitalistic” opportunity e
quickly doubled the price. Many experts in the steel

industry felt the Soviets were buying Rhodesian chrome and
reselling it at inflated prices. As evidence, the buyers
pointed to the higher quality of Rhodesian chromium ore
(57:443.

Another case involves titanium. During the late 1970°‘s

when the Soviets were the primary supplier of titanium

Today; there are three major producers of titanium sponge in

sponge, they suddenly withdrew from the markest. This '
withdrawal, along with increased demand +or titanium by ;i :
aerospace users, resulted in large increases in Jlead times *}; i
for the material and an eight fold price increase (52:21). . :f&
1

the U.5., and as long as there is a supply of raw materials,

these companies can produce the quantities required (3%:57).
A more recent example of direct interference in the
market was during the 1978 raids into Z2aire. It has been

estimated that the Soviet Union bought 300 tons of cobalt in
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the months prior to the invasion by Katangan rebels. These

purchases were made in small quantities of 30 to S50 tons so

|
1‘
|
-

perhaps not to draw attention (42:46). As a result of the

raids, the price of cobalt increased from six dollars to

fifty dollars a pound on the spot markets. el

1
! s
ﬁ-’ IV ) [

In 1981 there were five separate reports that Soviet

representatives offered to sell 4,000 tons of nickel at

s
el AA..'__,_-_‘L 4I - k_

$2.37 per pound in North America. The prevailing market
price was $2.87. Was this an attempt to drive two Canadian

firms suffering from weak markets and poor sales out of

business? If successful, it would certainly make wus ; j
dependent upon the Soviets for future supplies of nickel fl'i
(54:69). :: {

A more recent example is pointed out by Daniel Fine, ,;;1
which suggests, as in the nickel! example the Soviets —‘fT
probable intention of damaging the U.S. Mining Industry: E

The Soviet Union which has recently entered Canada ;i;i

with tithium sales 30 percent below the U.S. -
producer prices. Al though there are many B
explanations for this, such price cutting creates

difficulties for U.S. producers to maintain their

share of the Canadian market, It affects the

return on investment of those producers and, of o
course, the profit sheets for the year and capital -
expendi tures for expansion for lithium production
capacity in the future. So there is whole complex
set of transactions, which under resource war or
conflict, differs from the military concept of
disruption and denial [44:30-311.

Conclusion
The Sowviet Union’s menacing presence is ever increasing

throughout the Third World. Through economic initiatives - -
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and alliances, political interference and maneuvering, and
blatant aggression, they are quickly nearing a position from
which they will be able to implement their strategr of ??ti
resource denial against the United States and its allies. éé.v
Resource denial is only a part of their larger scheme of ﬁ; .
world domination. They have been successful around the ;._‘

world in such areas as Africa, South America, the Caribbean,
and Southeast Asia.

James Miller, writing from a Soviet leader’s e
perspective, in his article, "The Strategic Mineral

Vulnerability of the West: A Soviet Perspective,” writes

@V

Under Marxism Leninism, our strateqy +for worid c
domination is truly global, Fortunately <for us, R
most American and other Western politicians and _}jiﬁ
legislators continue to thinkKk on an issue-by-issue ER N,
basis. Thus, they do not see the availability of T
strategic and critical materials as a central ;‘—“
ingredient in the capitalist world’s very ability ST
to survive, They do not recognize the broad KR
geopolitical implications of individual world N
events to the extent that they think of AN,
international affairs at all...[41:201]. SR

To a large extent, we believe this is true. The

Congress of the United States does a 1ot of talking but

takes 1little significant action and probably will not until
the U.S. experiences another major interruption of minerals.

It took the oil embargo of the 70’s and cobalt interruptions

of the late 70’s to awake this country to the fact of :chf

dependence upon many materials essential to our survival,

Miller goes on to write (41:20):

The capitalistic world is ill prepared to respond )
directly to Soviet uses of force in Southern »
Africa. There is no meaningful military or naval N
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presence...Even the UsSa‘s $0 called rapid
deployment force...would not 1likely be wused in
. Southern Africa...our sources in Washington report
tl that there are no significant contingency plans for - -
American military forces to intervene in Southern

Africa...The greatest needs of the <capitalistic
nations has been to develop a cohesive strategr for
dealing with Southern Africa in a sound manner. e
ﬁi But fortunately for wus, this has not been SO0N

forthcoming. -

The Soviet Union is spending vast amounts of resources
in the developing world to promote national liberation and
gain effective control over the energy and nonfuel mineral
resources. These mineral resources represent the weak 1ink
of the Western World, and when it breaks, the capitalists
will crumblte for want of vital raw materials.

*"The resources disruption/denial and national liberation

components of our global strategy work hand in hand toward

the final victory of socialism over capitalism [41:21]).,"

Selected Minerals Profiles

In order to possess a viable industrial base, the United
States must have the necessary strategic materials and
minerals to sustain its economy during a time of national
emergency. According to Dr. John Morgan, Chief Staff
Officer of the U.S. Bureau of Mines: L

At a time [1983] when the distinctions between war jﬁé

and peace are blurred and when competing political )

and economic philosophies are characterized by

varying degrees of economic warfare and cold war, a

viable industrial base is a strategic necessity

[43:146-201.

We Dbelieve the following four materials will be ﬁ}ﬁ

essential to the defense industrial base because of their
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demand and uses: chrcmium, cobalt, manganese, and titanium.
An example of the important demand for these strategic
materials is the Pratt and Whitney F-100 Turbofan engine ;d:ii
which is wused in the F-13 and F-1é6 aircraft. The :f¥7{
manufacture of one engine requires: 5,366 pounds of :? :
titanium; 5,204 pounds of nickel; 1,658 pounds of chromium; ;__‘

9?10 pounds of cobalt; 720 pounds of aluminum, {71 pounds of

columbium; and 3 pounds of tantalum. Figure 10 illustrates
where these materials are used in the engine and the extent i Co
of U.S. dependence on other countries for them. The net 1
requirements are somewhat less since some of the materials l
- -
can be recovered through the recycling of scrap (12:31), » {
Each of the four strateqgic materials mentioned *Af?ﬁ
previously will now be profiled separately. i   €
;—.~

Chromium.

Chromium is one of the United States’ most important
strategic and critical materials because it is vital to the i’”’”’"‘
production of iron, steel, stainless steel, and nonferrous
allors. Chromium is used in these products to enhance their
hardness and resistance to corrosion (S0:1). Because of --H'
these important properties, about 70 percent of the world’s

chromite is used in metallurgy where it is processed into

ferrochromium, an intermediate product used in the i:*':
production of stainless and heat resistant steels (149:10%5 .,
Chromium is wvery important to the United States o

aerospace industry where it plays a critical role in the » ”>'

é5




Chromium
Cobalt
Columbium
Chromium Chromium Tungsten o
Cobalt Cobalt Tantalum L
Columbium \Tungsten / 1
' 4

U.S. dependence on foreign

Metal (ib) supplies, 1979 (%)
Titanium (53686) 100 {primary raw material)
Nickel {5204) 77
Chromium {1656} 90
Cobalt {910) 20
Aluminum (720) 10
Columbium (171) 100
Tantalum (3} 96

Fig 10. Strategic Materials in an F-100 Turbofan Engine
Source (38:4)
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production of jet engines and also tools used in aircraft
production. Although chromium, used by the aerospace
industry, makes up only a small portion of the final
product, it adds vital performance characteristics (14:94).
Aerospace usage of chromium is in the neighborhood of less
than six percent of total U.S. chromium consumption;
however, 9?0 percent of chromium applications in the alloy
materials wused by the aerospace industry are irreplaceable

at present technology levels (14:94).

According to estimates made by the Department of
Defense, U.S. industries consumed 35.1 short tons of
chromium for defense production in 1979, out of a total
515.87 short tons wused by U.S. industries. Table IV
indicates the defense industries which require chromium for
their final product and the amount consumed.

There are no Known reserves of chromium in the United
States, thus, making the U.S. import~dependent on this
material. The United States Bureau of Mines statistics
show that the U.S. is 9! percent import-dependent for
chromium; the remaining nine percent is recycled from scrap
(2:32). It is also noteworthy to mention that jet engine
and rocket engine manufacturing needs for chromium cannot be
satisfied from commercial scrap because of purity
requirements. Therefore, the United States is {00 percent
dependent on foreign sources for chromium when it comes to

defense uses (2:32).




Table 1V

Leading Chromium-Using Industries for Defense Cutput

—— - T —— —— - — — ——— ——— — —— ——— ————— . - — " ———— T — A —— T t———— v ——

Amount Consumed
For Defense

Industry (Short Tons)
Rircratt Engines & Engine Parts 5.446
Aircraft Parts & Equipment 3.67
Complete Guided Missiles 3.29
Nonferrous Rolling & Drawing 3.10
Radio & TV Communications Equipment 1.85
Shipbuilding & Repairing 1.63
Ammuni tion 1.62
Electronic Components 1.21
Blast Furnaces & Steel Mill Products 1.14
Iron & Steel Forgings 1.08
Metal Stampings 0.81
Fabricated Platework 0.71
Fasteners & Screw Machine Products 0.71
Tanks & Tank Components 0.70
Steam Engines & Turbines 0.49
Other Industries 2.43

Total: 35.12

Source:{}1:29)

The most important fact about the world’s chromite
supply is that, together, Russia, Zimbabwe, and the Republic
of South Africa control more than 80 percent of the world
chromium production (2:33). In addition, over 9% percent of
the worlid’s identified resources of chromite are in two
southern African countries, South Africa and <Zimbabwe
(25:289) .,

Chromium must be given strategic consideration since in
almost every national emergency since World War I, the
domestic chromium supply has been of national concern.

Domestic resources of chromite are low grade and would be
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able to supply only a small portion of the nation’s domestic
requirements (4:175), During the 1950’s and 19407s,
Government stocKkpiles of chromium material (primarily
chromite) were created to alleviate possible supply
interruptions from unstable countries where chromite is
imported from (4:178); howewver, the stockpile goals have not
been met to ensure a three year supply of chromium for U.S.
industries in the event of an emergency or supply
disruption, The stockpile is currently 39 percent deficient
in total chromium related material (4:174).

It must be noted that chromium is commercially traded as

chromite and ferrochromium; however, due to a process of

vertical integration, chromite producing countries have
recently been developing ferrochromium production
capacities. For example, in 1971, the U.S. obtained 87

percent of its chromium imports in the form of chromite and
12 percent in the form of ferrochromium, whereas, in 1981,
the amounts imported were about 50 percent from chromite and
50 percent from chromium ferrocalloys (50:4).

In 1982, the largest U.S. high carbon ferrochromium
manufacturer entered Chapter 11 of U.S. BanKruptcy Code. A
further investigation showed domestic high-carbon
ferrochromium manufacturers were operating at S50 percent
capacity, because they <could not compete with foreign
countries that produce high—-carbon ferrochromium at a much
lower cost. This is significant since chromite must first

be converted to ferrochromium if it is to be used in steel
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o production. Presently, U.S. industries have the capacity
to produce only S0 percent of the ferrochromium that is
consumed annually in the United States. Until November
1982, domestic high—-carbon ferrochromium producers were

protected from foreign competition under the Trade Act of

R T T e -

1974; however, that protection was not extended and expired
in 1982 (50:4>. This action will probably result in more

ferrochromium producers leaving the industry.

o YV
A - .

In conclusion, the estimated U.S. apparent consumption

of chromium in 1983 was 340,000 tons, and the domestic mine

A0 . .
.
e

production was zero. Using a 1981 base, the demand for

chromium is expected to increase at an annual rate of 2.2

-

.y

percent through the year 1990 (7:33>. Unfortunately, as our

demand for chromium increases, 0 does our dependence on

foreign sources for chromium material. In addition, an even

more startling fact is that 784 of U.S. chromium is imported

from the three Governments of South Africa, Russia, and the

Philippines who could easily lose favor with the U.S. and

cut its supply of chromium at any time (7:32).

Cobalt.

Cobalt is considered a strategic and critical material

because of its essential defense-related uses and the high

degree to which the U.S. depends wupon imports for its

supply. There are no Known domestic cobalt reserves, and

more than 904 of the U.S. consumption ie imported while the

remaining 104X comes from raw scrap. [#Note: Mineral
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reserves are that part of the U.S. reserve base that could
be economically extracted or produced (35:4>.] In view of
these facts, an important strategic concern for the United
States is the development of policies to prevent cobalt
supply disruptions. The necessity for such policies was
illustrated by events which took place in Zaire, our major
supplier of cobalt, in the late 1970’s (35:1>.

First, Zaire suffered major transportation problems and,
later, underwent two short-lived invasions by a rebel army
in the cobalt-producing province of Shaba in 1977 and 1978.
These invasions resulted in the temporary and brief closing
of cobalt mines in Shaba, and as a result, Zaire reduced
allocations of cobalt to its worldwide <clients by 304.
Prior to this, the U.S. had been selling cobalt from its
national stockpile. Between the years of 1947 and 1974, the
United States sold about 40 million excess pounds of cobalt,
but in 1976 U.S. stockpile sales were stopped. Shortly
after that, the price of cobalt soared upward; the price
rose from $5.20/pound in January of 1977 to $25/pound in
February of 1979 (35:1),

A number of policies have been suggested which would
prevent cobalt disruptions, They are as follows (35:1):

1> The acquisition of cobalt for the national stockpile.

2) Sybsidies which would encourage the domestic produc-

tion of cobalt.

3> An induystrial or economic stockpile.

4> The increase of federal funding for the research and




development of substitutes for cobalt.

S) Expanded access to public lands for the locating of

domestic cobalt mines.

4) The accelerated development of ocean mining to obtain

cobalt.

Next, 1let’s consider why cobalt is so important to the
United States. Cobalt is primarily used in military
hardware as a superalloy for jet engines, alnico and cobalt-
samarium permanent magnets, stellate linings in gun barrels,
and cobalt-pigmented paints. In addition, cobalt is used to
make cutting tools and drilling and mining equipment (35:1).
Usage categories along with their perspective percentages
are: industrial and aircraft gas turbine engines (37,
magnetic materials for electrical applications (164), driers
(1174, catalysts (104>, metal cutting and mining tool bits
(74), and other uses (19/4) (7:34-37).

The properties of cobalt making it so useful include its
ability to impart strength, heat, and corrosion resistance
to superallors (35:1),. In addition, cobalt is one of the
strongest magnetic elements Known and has the highest Curie
point, which is the temperature above which a material loses
its ferromagnetic properties (35:2). Cobalt often

constitutes only a small portion of the final weight of a

product but it adds vital characteristics which are

essential to performance; for example, cobalt constitutes

Lttt T
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only &/ of the weight of the F-100 engines used in the F-13

and F-16 but cobalt is critical in meeting the engine’s high
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performance requirements (14:43).

Table V summarizes the leading cobalt-using industries

for defense output; they accounted for 90 percent of total o

- cobalt consumption for defense production in 1979,

L Table V "

Leading Cobalt-Using Industries for Defense Output

Amount Consumed Yoo
For Defense .

Industry (Thousands of Pounds)
Aircraft Engines & Engirs Parts 1,712.0
Radio & TV Communications 4%97.8 <.
Electronic Components 241.8 .o
Plating and Polishing 117.2 -
Special Dies and Tools 100.2 R
Other Industries 301.1 N
Total:2,4669.0 T
Source:(11{:3%5) ——

What are the problems facing the U.S. concerning cobalt?
The basic problem the U.S. has concerning cobalt is its

dependence on overseas sources (35:3>. It is predicted that

the United States will continue to rely on Zaire as its
major supplier of cobalt at 1least wuntil the year 2000

(35:2). Another problem is that higher qgrade deposits are

concentrated in only a few areas of the world <(Zaire,

Zambia, Botswana, and the Republic of South Africa).

Further complicating matters is the fact that the majority fﬁi

of cobalt is a byproduct of other metals, such as copper or :ﬁ:

nickel, and as a result, the production of cobalt is
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dependent upon the rate of mining for these metals. Many
potential cobalt producers are unwilling to compete with
Zaire since it can produce the metal at a lower cost. In
addition, most of the cobalt in the National Stockpile is

not of sufficient quality for major strategic applications

since most of it was purchased prior to 1940 when minimum
specifications were lower. Finally, for most end-uses there

are po effective <cubstitutes, and nearly all the metals

which can be wused as substitutes are strategic metals
themselves (35:3).

Next, let’s consider the economic factors surrounding
cobalt. One of the major relationships in the cobalt market
is the byproduct relationship between cobalt and nickel or
copper and the resulting relative price inelasticity of
supply under normal market conditions, Sinze cobalt is a
byproduct of copper and nickKel, over the long term, the
price of cobalt is likely to be two or three times the price
of nickel and seven or eight times the price of copper.
The price level is critical since an increase in the price
of cobalt could result in a reduced demand in nonstrategic
areas where demand is more responsive to fluctuations in
price. In addition, significantly higher prices would
increase research for effective substitutes (35:10).

Table VI indicates changes in the price of cobalt from
19460~-1982. Some events which have affected the price of

cobalt include (35:11)>:
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TABLE V1

Time Price Relationships For Cobalt

Averaqge Annual Producer Price, Dollars Per Pound
Based On 1981

. Year Actual Prices Constant Dollars
| 1940 1.54 4.34
: 1961 1.50 4.18
1942 1.50 4,12
, 1963 1.50 4,06
' 1944 1.50 3.99
N 1945 1.62 4,22
[ 1946 1.65 a.16
» 1967 1.85 4.53
. 1948 1.85 4.34
. 1949 1.89 4.22
1 1970 2.20 4,86
f 1971 2.20 4.44
1972 2.45 4,75
1973 3.00 5.50
1974 3.44 5.83
1975 3.98 é.14
1926 4.44 6.51
1977 5.58 7.73
1978 11.53 14,89
1979 24.58 29.25
1980 25.00 27.31
1981 19.73 19.73
1982 12.89 12.17

Source:(35:10)

1) The removal of cobalt in 19244 from the list of

commodi ties prohibited from being shipped to Sino-Soviet
countries,.

é 2) A 3974 increase in the industrial consumptiocn of co-
® balt in the U.S. from 1945~196%9 due to the Vietnam War.

3) The nationalization of mines in Zaire in 17967,

4) Increased demand for nickel because of the Canadian

nickel strike in 1967,
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S) The currency realignment between the United States
- and Belgium between 1972 and 1978.

h!j 4) The halt in sales of U.S. cobalt from the national
stockpile in 1976.

?) The armed invasion of the Shaba province in 1978.

8) Reduced copper and nickel production and poor extrac-

tion efficiency along with an unusually high demand for co-

balt.
Although no domestic cobalt was produced in 1981
(35:13), the increasing price and industrial demand for

cobalt within the next few years could make the domestic

mining of cobalt more profitable again. For example, the
expected U.S. production in the year 1990 will be 6 million
pounds; this includes an estimated 3 million pounds from the —
Blackbird sulfide district in ldaho, 2 million pounds from e

the lead belt of southeastern Missouri, and 1| million pounds

from the Duluth Gabbro in Minnesota (4:213).

The demand for cobalt is expected to increase in the o
future due to energy shortages and the resulting increase in ;iff
the rate of oil and gas drilling and coal mining in which ]

cobalt is used extensively to manufacture drilling and

mining equipment. More stringent environmental standards

will also increase the demand for cobalt catalysts wuesed to
remove sulfur from 1light petroleum distillates wused in

gasoline (35:13). :ji

Finally, the U.S. apparent consumption of cobalt in 1983

was estimated to be about 5500 tons, and based on a 1981
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base, the demand for cobalt will increase at an annual rate

of 2.0 percent through 1990 (7:36~37),

Manqanese.

Manganese, used in the production of all steels and cast
irons, is considered to be the most important addition in
the steelmaking process, It is used in molten steel to
counteract the adverse effects of sulfur and prevent the
brittleness that would otherwise develop in steels
containing sul fur. Addi tionally, manganese imparts
increased strength, toughness, and bhardness to steel and
iron (135:77). Manganese is added to the steelmaking process
as an alloy, the most common form being high carbon
ferromanganese, for which there is no established goal in
the stockpile and limited domestic production capacity.

It is estimated that the world reserves of manganese ore
are about 1.5 billion tons. Russia and South Africa are
credited with 1.2 billion tons wi th the remainder
distributed among Australia, Gabon, and 8razil (4:553). In
addition, the U.S. Bureau of Mines identifies world
resources other than reserves at 1.4 billion tons of
contained manganese which is not economically feasible to
extract at this time (4:553).

The U.S. currently has no reserves of manganese ore
containing 35 percent or more manganese. [*Note: In order
for ore to qualify as manganese ore it must contain at least

35 percent manganese.]l] The manganese deposits in the U.S.
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are low grade and would require extensive and expensive ]
processing to extract the high quality manganese required by ~’3
industry (4:353). Furthermore, in 1976 a panel from the .
National Materials Advisory Board of the National Research 7;
- Council concluded that the domestic land based resources of
manganiferous materials [lower grade ore containing less

than 35 percent manganese but not less than five percent]

"should not be developed except in a dire emergency
[4:5531." 1In addition, a Minerals Availability System (MAS) ]
report indicated in a studr of representative domestic
deposits that profitable utilization of these low grade ore ;;j
deposits would require an ore price ranging from five times
to nearly 20 times the current price level (33:7).

The U.S. Bureau of Mines estimates that in the event of
a materials emergency, a lead time of at least three years
or more would be required to build plants large enough to fﬁl
refine the 1low grade ore in the Uniteg States to meet
industry demands (4:5353). T

In 1980, the United States imported $8 percent of its

manganese ore and 73 percent of its ferromanganese (a ;"1
processed form of manganese). The U.S. had the following K
import sources of manganese and ferromanganese by percentage
of total imports: Manganese ore: South Africa 25.8 percent,
Gabon 23.8 percent, Brazil 10 percent, Australia 31.4
percent, and Mexico é.7 percent. Ferromangahese: South
Africa 37 percent, and France 36 percent (11:42).

It is important to note that in the last three years, e
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statisticse indicate that the United States is becoming more

E dependent on South Africa for its manganese ore. Presently,
the U.S8. is importing approximately 40 percent of its fA
manganese ore requirements from South Africa. Similar f
ﬁ statistics outline the ferromanganese trade. The U.S. now f

- imports 35 to 44 percent of its ferromanganese from South oo

f Africa, whereas, in 1977 the U.S5. only imported 30 percent

of its ferromanqanese from South Africa (45:10). Several
analysts suggest that by 1990 South Africa will be our
primary supplier of manganese ore and ferromanganese
{(&65:10). In addition, South Africa has the potential of
encountering severe political unrest in the next few years,
and the U.S. supply of manganese ore and ferromanganese

could be vulnerable to a supply disruption.

A major concern to strategic planners is the decline of B K
the domestic ferroalloy industry because ferromanganese can
be imported at a much lower cost than it can be produced in -

the U.S. This resulted in many ferrocalloy manufacturers
leaving the industry (33:2). The United States is now well
below self-sufficiency in capacity for producing manganese
ferroalloys (33:2). Table V11 shows the domestic production
of ferromanganese as a percentage of consumption since 1970

and demonstrates the increasing U.S. dependence on foreign

manufacturers for ferromanganese.
In December 1982, President Reagan announced a decision
that will allow a portion of our stockpiled manganese ore to

be converted to ferromanganese in order to Keep more U.S.
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Table VII

U.S. Production and Consumption of Ferromanganese
(000 short tons, gross weight)

Year Consumption Production Pervcent

1970 1001 835 83
1971 899 740 85
1972 948 801 83
1973 1117 683 41
1974 1116 544 49
1975 882 576 85
1976 897 483 5S4
19727 884 334 38
1978 986 273 28
1979 P74 317 32
1980 78% 189 24
1981 821 193 24

Source: (15:92)

ferroalloy furnace and processing plants in business. The
plan calls for production of about 577,000 tons of
ferromanganese over a 10 year period (33:5), thus, Keeping
the ferroalloy industry from declining further.

To assure the U.S. continues to have a supply of
manganese, the Council of National Defense designated
metallurgical—-grade manganese ore2 as a strategic mineral in
1916. However, World War Il was the impetus that started
the stockpiling of manganese ores and ferroalloys from a
combination of acquisition programs that included purchases
of a variety of foreign ores and barter programs for surplus
U.3. agricultural products. The accumulation of manganese
materials in the stocKkpile peaked in the mid 1%43"s at about

S.6 million tons of contained manganese (33:4). Then, in
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1965, the General Services Administration began selling
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excess manganese from the national stockpile in order to
satisfy the steel industry’s demand for manganese. However,
as a result the manganese inventory had dropped to 2.1
million tons of contained manganese in 1982, of which three-

fourths is ore and the balance is ferroalloys.

It appears that the U.S. demand for manganese will
i continue to increase through the year 2000 as the demand for
steel increases by an annual growth rate of 1.4 percent.
This equates to a U.S. demand for manganese of between 1.79
and 2.38 million short tons annually,.

A major problem that confronts the United States

Government is the lack of domestic manganese reserves and

the lack of significant production rates of manganese.
Extreme concern exists over the absence of domestic supplies
of manganese and the possibility of a supply disruption due
to war or political problems in countries from which the
U.S. imports manganese (33:3). The U.,S. could produce a
large quantity of manganese items; however, the cost to the
private sector is prohibitive at this time. In contrast to
the United States’” situation, the Soviet Union is self
sufficient in manganese items as a matter of national policy
and is also the world’s leading producer of manganese
(33:5.

As a final note, there is currently no substitute for

manganese in the steelmaking industry, and if the supply

o
204

were disrupted for a long period of time, U.S. industries
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would have to rely on the national defense stockpile for

manganese for essential items until a domestic supply could

be started. Presently, the National Defense Stockpile has

an adequate supply of manganese ore to meet a three year

h emergency, however, little capacity to produce
A ferromanganese which is the form the steel industry needs it
f. in. In addition, the 1lead ¢time for producing usable
E:: manganese from our domestic supplies of 1 ow grade

mangani ferous ore would be three or more years.

Titanium.

Titanium is one of the most abundant elements, making up
about 0.6 percent of the earth’s crust (37:1). 1t can be
found in two mineral sources: rutile, containing 96 percent
titanium dioxide and ilmenite, containing 352.7 percent
titanium dioxide. Rutile is not as common as ilmenite and
is the only titanium mineral listed as critical and
strategic and is, therefore, stored in the National Defense
Stockpile (12:120).

To arrive at its end use form, titanium undergoes a two-
step refinement process. First, the raw minerals, rutile
and ilmenite, are processed into titanium sponge (a porous
metal which is not useful in this form), and secondly, the

titanium sponge s put through a melting process which

yields titanium metal (2:19). It is this metal that is
extremely important to the U.S. aerospace industry because

of its high strength-to-weight ratio and its resistance to e
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heat and corrosion. Because of these unique properties,
titanium alloys are used in the airframes and engines of
high performance military and civilian aircraft (37:2).

The aerospace industry accounts Ffor about seventy
percent of the usage of titanium metal and is, therefore,
the major wuser of titanium metal. Within the industry,
titanium metal is used to build aircraft, turbine engines,
guided missile assemblies, and spacecraft. The other 30
percent is used mainly in the chemical and electrochemical
processing industry, power plants, and the steel industry
(14:143). The aerospace industry currently has no
substitutes for titanium which possesses the high strength-

to-weight ratio required in high performance aircra+ft.

The U.S. currently mines about one-third of its titanium
raw material requirements with the remaining two-thirds
being imported mainly from Australia, in the form of rutile
and ilmenite, and also Canada, in the form of titanium slag.
Due primarily to economic reasons, U.S. producers of
titanium metal have relied on imported natural rutile from
Australia, but our dependence on imported rutile could be
eliminated by making synthetic rutile from domestic ilmenite
although at a somewhat higher price (37:1).

Another major problem affecting the titanium metal
industry is the large fluctuations in demand for titanium
caused by the cyclical nature of the aerospace industry.
Producers of titanium sponge have repeatedly increased

capacity in response to anticipated demand and in the end

......




have been left with excess capacity when programs are
canceled or cut back. The United States Government could
help stabilize demand by better long-range planning and

forecasting of aerospace industry requirements and increased

use of multiyear procurement contracts (37:2).

During recent years, an additional problem has surfaced
which concerns Air Force planners——that is the insufficient
forging capacity to meet both military and civilian aircraft
needs during periods of surge or peak demand. At present,
there are only four large forging presses (two 35,000 ton
and two 50,000 ton) in the U.S., and they are owned by the
U.S. Air Force. It is this lack of forging capability
which has produced the 1long lead times associated with
titanium products (14:155). Because of lower costs and
availability of imported sponge during the past, capital
investment in new plants and madern equipment was
discouraged, and as a result, an inability to satisfy demand
surges for titanium sponge resulted. Although at present,

it appears that domestic capacity to produce titanium sponge

is adequate due to recent expansions, shortages could emerqge

given equipment <failures in aging domestic production Efﬁ
facilities and unexpected surges in demand (14:144))> iEE
In conclusion, the Bureau of Mines estimates an annual ;:i
growth rate of 3.3 percent in the consumption of titanium :ig
materials through the year 2000. Hence, it appears that i&g
while geographic, political, ecornomic, and environmental ?%;
problems may have a negative impact on some supply sources, L;Z
o
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there should be ample material to meet domestic requirements

for titanium beyond 2000 (4:977).

Substitution Possibilities for Chromium, Cobzlt, Manganese,
and Titanium

A popular approach to reducing U.S. minerals and
materials import dependency involvaes the substitutien of
materials that are plentiful and noncritical for those that
are imported or scarce. Substitution appeals to many
defense industry executives as a long term solution to our
import dependency problem (12:20). Materials experts feel
that ¢the U.S. is moving into an "Age of Substitutability"
where technical problems of substitution have been
sufficiently solved to permit virtually unlimited
interchangeability of materials, Current concern over U.S.
materials import dependency may do much to hasten the
arrival of the "Age of Substitutability” (12:2120).

Even though substitution may seem a simple concept,
replacing one material with another is much more compiex.
Concerning the area of critical materials:

The concept of substitution cannot be 1limited to

the simple replacement of one material with

another. It also involves the replacement of one

process with another or changing the functional

characteristics of a materjal or part [12:2501.
Additionally, substitution iz closely interwoven with
changes involving conservation, design, and technologyr.

In order for a material to be substituted for another it

must meet the following criteria:

Ready availabitity domestically in adequate

......
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quantities, or (less than ideal) available from
contiguous nations (primarily Canada and Mexico) or .
from overseas allies; o4

Physical and chemical properties, performance, and e
longevity comparable to the material of Ffirst {}q

choice; ﬁ,
Well established behavior and properties, and Sl
especially as a component in exotic allors; i 4

Ability for processing and fabrication with minimal
changes in existing technology, capital plant, and
processing and fabricating facilities [12:2546].

The major probiem facing critical and strategic

et

materials substitution is substitutes rarely, if ever, meet

the above criteria to any significant extent (12:254).

Each of the materials chromium, cobalt, manganese, and -
titanium will now be looked at in order to determine if t;ﬁ}

substitute materials are now available or will be available ;7“5
in the near future to cut down on foreign dependence for

these materials.

Chromium.

At present there is no substitute available for one-

third of U.S. chromium usage that is devoted to high-
strength, corrosion-resistant, oxidation-resistant or high-
temperature alloys required for the manufacture of Jjet

engines, petrochemical and power plant equipment, In

addition, it would be impossible to manufacture stainless . fkff
steel as we Know it today without chromium (55:84),

There are situations where substitutes can be used for
chromium but not wi thout sacrificing quality and

performance. Examples include:
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Manganese and mol ybdenum for hardenability
applications, but at increased costs;

Titanium or aluminum—-coated low-chromium or no
chromium alloys;

Ceramic and glass matrix composites, reinforced
with silicon carbide or graphite fibers, for high-
chromium nickel-base superallioys; and

Titanium or glass liners for stainless steel
chemical process equipment [12:25%1].

Many experts believe that research and development to
reduce chromium demand is centered on the short-term,
especially in the military sector. These experts believe
that a 1long-term, long-range research program is needed to
develop substitutes for chromium in stainless steels and

oxidation-resisting alloys (55:86).

Cobalt.

In the late 1970‘s, as the cobalt shortage peaked and
the price reached over $50/pound, U.S. industries responded
by searching for materials to substitute for cobalt in all
areas of wusage. As a result, wvarious cobalt using
industries found numerous possibilities for cobalt
substitution (55:94)>. Cobalt can now be replaced in magnets
without decreasing performance characteristics, and
different types of carbide coatings on cutting tools can
extend their lives and at the same time decrease cobalt
requirements,

In 1982, at Los Alamos National Laboratory in New
Mexico, a team of researchers developed an extremely hard

metal that is made out of iron, tungsten, nickel, and boron
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carbide that has superior
substituted for some

material uses no cobalt,

substi tuted with molybdenum which

the United States (30:45).

At present, the U.S. Government and several cobalt
using industries are gponsoring research to lower cobalt
centent in nickel based superaliors and to evaluate 1lower _i&fﬁ
cobalt and cobalt free alloys, ceramics, and composites in {' ]
gas turbine applications (55:95). If ¢this research s i
successful, it will result in a major decrease in the amount ‘ff#j
of cobalt consumed by U.S. industries each year. !;jij
Manganese. fa-;f
Experts from the Bureau of Mines indicate that there is ;;f;;

no satisfactory

applications at the
associated with obtaining
as we Know it today,
manganese,

The search for a subst
research an

slowly since

been traditionally support

primarily for economic reasons (55:107).

long as manganese can

research for a substitute will

P A P —— ot

abrasion properties and can be
cobalt based materials. The new
and its tungsten component can be

substitute

present

.......................

is readily available in

for manganese in its major

time due to the expense

a substitute., In addition, steel,

could not be produced wi thout

itute for manganese is progressing ] i )

d development in this area has not

ed by the Department of Defense,

It appears that as
be little

obtained inexpensively,

take place.
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Titanium.

There appear to be many possible substitutes for
titanium in the event of a national materials emergency.

Such as:

using graphite-fiber reinforced aluminum composites o
for jet engine fan blades; reinforced plastics for B
titanium alloys in aerospace structures; aluminum S
alloys made by rapid solidification techniques; :
parts formed by powder metallurgy techniques or

near-net shape processing; precision cast ;
components; and coated materials to prevent ‘
corrosion [13:242]. N T

Al though the above substitutes for titanium may be well

and good for many industrial applications, according to a

Bureau of Mines materials expert, there is essentially no L
substitute for titanium in many areas of the aerospace ._:f
industry (13:262). - f

-~

Conclusion.

This section briefly profiled the minerals which are of
concern in this studr and also provided information on e,
substitutes that may be available in the event of a
materials emergency in the United States. The next section
will provide information on how vital these materials are to

the United States and will give you some idea of what may

happen if the United States is denied access to the

materials discussed in this study.
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industrial growth, and national security. Many have a

g

Pher
P
' . ea
LT

- special role in supporting the defense industrial base and

defense programs. The Defense Production Act of 1950 and the

Strategic and Critical Materials Stockpiling Revision Act of . e
1979 form the legislative basis assuring supplies of needed
materials are readily available for National Defense.

Stockpile goals and status, the position of the Soviet Union, .

and profiles of cobalt, titanium, manganese, and chromium -:j
have alreadr been presented. In the event of a declared 'i
emergency the National Defense Stockpile (NDS), in ;;:
conjunction with the Defense Priorities System (DPS) and ?;;
Defense Materials System (DMS), would control the flow of E%é
needed materials to essential industries., This section will ;ii
review DPS and DMS which, together with the NDS, will provide ~ﬁ?
the basis for risk assessment in the event of a supply (%s
interruption and present the views of many industrialists :

concerning the impact of strategic materials denial. )

Defense Priority and Allocation System.

Titie ] of the Defense Production Act, as amended and o
supplemented by Executive Orders, authorizes the President to S?E
establish a system of priorities in contract performance ;i:
necessary for National Defense. The system can require f:;
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contractors to accept and perform contracts to meet
established priorities. It also authorizes the President to B
allocate materials and facilities for defense purposes !J‘i
(16:2). The two primary purposes of the priority and i

material allocation systems are to:

insure the claimant agency programs are maintained .
on schedule by providing priority treatment for the "
purchase of products and materials by claimant RO
agencies, contractors, subcontractors, and their
suppliers [16:1]

And secondliy, .>_ 4
The operation of the systems results in the ﬁJ
maintenance of an administrative means by which the S
total industrial resources of the country could be —
mobilized should the need arise [14:11]. ;‘“‘

Hence, the priority and allocation system provides for
the timely flow of materials to projects of national
priority.

The DMS/DPS systems currently in effect impacts programs
in the Department of Defense (DoD), Department of Commerce
(DoC), Department of Interior (Dol), the Department of
Energy (DoE), Atomic Energy Programs of the Energy Research
and Development Administration <(ERDA), and various Sub-
Claimant Agencies within DoD (14:101. Figure 11 provides a

list of programs covered by the priorities and allocation

systems.

The Defense Materials System presently applies to four
metals (steel, copper, aluminum, and nickel)>. Producers of
these materials are required to reserve space on their order

books up to a specified percentage of total productive

?1
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Column Cotumn 2 ) Column )
Program Program Claimant Agency Sub-Claimant
ldentification Agency

For Department of Defense and associated programs.
LARRCTAft L.

Tank —Automotive .......................
....Weapoas .......... .

.. Ammunition .......... . .
.. Electronic and nications equi . N'&g..‘""s‘:.":‘)'
. Military building supptlies . ( Aus Force .
Production equipment (for defense con-  Department of Defense Suppi
(RCLOr'S aCCOUnt) ... ooen el ¢ Defense. { pply

Army.

.. Production equipment (Government ownad) Agency.

. . Department of Defense construction ‘l-;,'\AA

NASA.

}
|
Maintenance. repair and operating supplies i

(MRO) for Department of Defense

facilities. !
C-8 ...... Controlied materials for Defense Induscrial

Supply Center (DISCH. ] J
C-9 ...... Misceilaneous . ... ... L.,

For U' s Energy Reseurch a De P Admini N

Construction . ....... .. .. ... 0ol
. .Openanons—including mumenlnce repur UE. &“‘f:‘g:‘m"‘"

and operating supoiies (MRO .. AR ;
Privately owned [(acilites .. ... ........ J Administration.
For Energy Programs
Certain items sponsored by the Federal \
Energy Administration for and related to |
construction of the Trans-Alaska Pipeline.
F-2 ...... Certain 1tems sponsored by the Federal
Energy Adminustration for and related to
the development of Alaskan North Slope
oil resources . . .
F-3 ......To maintain or further domestic ener;y
expiorstion, production, refining. snd/oc

teansportation }\
P4 ... .. To maintain or further conservation of J g:::;mem of

| Department of the
Interior.*

energy supplies.
P-S ...... Construction and maintenance of energy
facilities.
For other Defense. Energy. Atomic Energy and related program.

B-S ...... Certain self-authorizing consumers (see sec.
T(d) of DPS Reg. 1. sec. 8(d) of
- c DMS Reg. D). ......... hasedmy
...... ertain munitions items purcha y i
{nmdly foreign :overnm:mn through Bué:'u:':‘frgomuuc
cial Is for expart . .
Canadian military programs . ......, .....
..Certain direct defense needs of friendly
foreign governments other than Canada ..
D-1...... Controiled materials producers ... ., ... ...
D-21 .., Approved State and local civil defense
programs e e e
D-3 ...... Further converters (steel) e
<.....Private domestic production .. .............
D-$ .. ...Private domestic construction ... ... ....
D-6 ...... Canadisn production and construction ..
D=7 ...... Friendly foreign nations (other than Canada) i
production and construction A |
g_—: ...... Distributors of controlled materials . . . "
...... Maintenance repair and opersting supphes |
(MRO) (see Dir 1to DMS Reg 1) ... . Buresu of Domestic
E-4 ..... Canadian stomic energy program .. . .. .. l o
K-t ...... General Services Admnistration's supply
distribution facility program . ... .. .. |
AM _ .. . Aluminum controlled materials producers ../ .
AM-3000 . Aluminum controlled materials distribtors
FC ... _.Further converters (steel and nickel alloys)

Fig 11. Programs Covered by the DPS/DMS Source (16:11)
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capacity for authorized controiled materials orders, The

remaining space can be used to fill civilian orders (16:14).

These “set asides"™ should guarantee availability of
adequate supply of these materials for authorized programs.
Claimant aqencies submit controlled material requirements
for their programs on a quarterly basis to the Federal
Emergency Management Agency. This agency inturn allocates
appropriate quantities of steel, copper, aluminum, and
nickel to the claimant agencies. This allotment constitutes
avthorization for use in approved programs [16:13]., The

complement to the DMS is the defense priority system.

The Defense Priority System.

The Defense Priority System as designed to avoid delays
on defense and defense related programs by requiring vendors
to give preferential treatment to properly identified orders
(17:350). Basically, the system requires contractors and
suppliers to give priority to defense rated orders for
production and or shipment over commercial and non-rated
orders.

There are two types of preferential ratings given, DO
and DX. The DO rated order takes precedence over unrated
orders previously and subsequently received by the supplier,
DX orders take precedence over all DO and non-ranked orders
(17:52). This rating is wusually reserved for defense
programs of the highest national priority. ©An example being

the B1-B Strategic Bomber. The DMS/DPS System has worked
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well in the past ensuring the adequate supplies of steel,
copper, aluminium, and nickel and the prioritization of
government contracts. However, the strategic materials of
chromium, cobalt, manganese, and titanium are not covered by

the DMS/DPS system.

Risk Assessment

The U.S. and major industries (using cobalt, chromium,

s: titanium, and manganese) vulnerability to supply disruptions
: can be assessed in terms of internal and external factors

(15:241). External vulnerability relates to stability of
!ﬂ suypplies, concentration of the ore bodies, and the degree of

our dependency. Whereas, internal vulnerability relates to

the emergency preparedness and the possibilities of
ii substitution. The level of internal vulnerability is a
;:ﬁ function of the National Defense Stockpile, the Defense
i? Priorities Systems, and substitution. Table VIII summarizes
-' the material previously presented in the study in terms of
E' internal and external vulnerabilities for cobalt, chromium,
éf manganese, and titanium. Reference to page fifty may be
Ej made to refresh your memory on the external factors. :.:
Eﬁ Table IX presents the internal and external {;
E; vulnerability risks levels associated with cobalt, chromium, 7&
?  titanium, and manganese. - ?
L o
- "
[E:;

94 T

P e T P AU POt M T . . Wt PRI Ut IR A i T L e . .
------- DRI L IS SRS I P L I, ce SaT e s . . LT e e T T T e T T T T e e e - .- cet s
LSOV, VP O LR MADAY TR DAL WA Y PP ol A Ui P ST LN A N PO P Y WP U PURY VR VR WY VT WA VY VAL VAT U R W W WA &




RIS _‘—'_v—"-vw—_'_’_r-_\_m_ SA B s eat e m A oy R R R N TR —— g —

Table VII1

Summary Data on Study Materials

Cobalt Chromium Manganese Titanium
EXTERNAL FACTORS

High Import Dependency Yes Yes Yes Yes

Unstable Suppliers Yes Yes Yes No

Concentration of Reserves

in Foreign Nations Yes Yes Yes No#*
NT FACTORS

Adequate Quantity in NDS No Yes Yos##s No

Acceptabie Quality of
Material No No Yes *

Adequate U.S, Emergency
Domestic Resources No No No Yes

Substitution Preparedness No No No No
* Not all titanium sponge in the NDS can be related to the original
purchase specifications., The missing data thus limits the usefulness of
much of the titamium sponge in the NDS.

#% Jlmenite may be used instead of rutile ore for the production of
titanium sponge, however, the process is more lengthy and costly. u.s.
has sufficient domestic supplies of ilmenite ores,

#%#% Manganese ore provides the bulk of all manganese in the stockpile.
This ore must first be processed to be wuseable by the steel industry.
U.S. domestic production of high, medium, and low carbon ferromanganese
was only 24 percent of U.S. consumption in 1981 as compared to 83 percent
in 1970,

?S
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TABLE IX

Internal and External Vulnerability Risk Levels
For Study Materials

Internal Vulnerability
Low Medium High
High chromium/manganese
External
Med cobalt/titanium

Yulnerability
Low

Based on internal and external risk subfactors chromium
and manganese were determined to be high in both internal
and external risk, whereas, cobalt was determined to be a
medium risk factor primarily because of its limited wuse
throughout the economy. Titanium was also determined to be
a medium risk for both internal and external factors
primarily because of low amounts of stockpiled material and
suspect quality of the material and <friendly overseas
supplies. The outlook for future use of these and other
materials indicates a growth in demand over the next twenty

rears.

Qutlook for Demand

Westerners have long believed in the value of human
life, 1In the past 45 years the United States has been

directly involved in four wars, The horrors of the recent

?4
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conflicts are vivid because, during the &0’s, technology
brought the war into our 1living rooms. The paralleled
growth in weapons technology has led to a more sophisticated
U.S. military; fewer but more technologically advanced
weapons systems. Former Deputy Secretary of Defense, Paul
Thayer, believes the U.S. will never match the Soviets tank
tor tank, missile for missile, or airplane for airplane. We
have come to rely on technologr "not only because we have a
qualitative edge, but also because we place a high value on
our most precious resource: people [3:48]." This emphasis on
people, the quantitative edge, and technologr will increase
the demand for special materials in the future.

Economist and defense analyst, William Schneider views
the situation similarly. In testimony before Congress, he
indicates military personnel strength has declined 24
percent since FY é4. This diminishing force structure and
the advancement of technology has required higher military
equipment requirements <(40:247). This reliance on high
performance equipment according to Schneider inturn:

Requires high performance inputs, including raw

materials...Thus the outlook for the use of scarce

raw materials is undiminished for as far as one can

prudently predict [&0:2481].

The military, though not the largest user by volume of

strategic materials, requires them in the technoloqgically

advanced weapons systems it produces today and will produce
in the future. Strategic materials are requirements for
national security. Any shortfall of strategic materials
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will not only be felt economically by all sectors of the
economy but will also be reflected in a compromised security

. position.

iﬁ Impact of Materials Shortaqes

. The opinions on the impact of a strategic materials
supply interruption are varied; running from assurance to
alarm. Two separate Congressional committees reported the

following in December of 1980. A special study by the Joint

| &

Economic Commi ttee of Congress reads:
The degree of supply restriction entailed in price
gouging and cartel 1like action would not have a
- serious effect on U.S. defenses. The portion of
- U.S. consumption of critical materials required of
defense production __ generally required 10 percent
to 20 percent in the event of war and about one
half of that in peacetime... can be met from
domestic production, stockpiling, and substitutes
under any foreseeable supply restrictions ({34:43).
e, This may be true for some strategic materials. It is
S not however true for chromium, cobalt, and manganese. The
Ii 1ack of U.S. reserves and irreplaceability of these
materials in U,S. weapons makes the defense sector more
f; vulnerable to supply interruptions. A differing opinion to
Ef that of the Joint Economic Committee was issued by the
%{ Defense Industrial Base Panel of the House Armed Services

Committee. They found that:

The shortage of critical materials, combined with a
resulting dependence on uncertain foreign sources

for these materials, is eroding the foundation of : \}&
U.S. defense capabilities. These shortages are a Jfﬁ
monumental challenge to the Congress, the R

. 9

Department of Defense, the defense industry and the
civilian economy [42:24]. -
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The following views of many industrialists are similar
to those held by the Defense Industrial Base Panel. E.F.
Andrews, Vice President Materials and Services for Allegheny
Ludium Industries and 1long time <champion of strategic

materials, gave this testimony before Congress:

One might ask--what is important about chromium or
cobalt? 1 can do without trim on my automobile or
my refrigerator, Well, in today’s technology
wi thout chromium and cobalt we could not build a
Jet engine, build an automobile, run a train, build
an oil refinery, or build a conventional or nuclear
power station, We could not process food under
present laws. We would have to repeal all our
clean air and clean stream laws. We would have to
repeal our sanitary hospital codes. We <could not
: build a computer, cutting tool, mine tool, magnet,
i or process crude oil, just to mention a few things.

Chrome is required in order to carry on our present
{ standard of living under the technology we have.
{ In fact, the National Research Council, in it‘s 18-
month study, ended with a statement by Dr. Parker,
of the University of California at BerKley, that
the United States is strategically far more
vuinerable to a long term chromium embargo than to
an embargo of any other natural resource, including
petroleum. In that report, ©Or. ParKer and his
colleagues say that preparing the United States to
overcome a chromium embargo will take a minimum of
five and possibly up 15 years [460:23%7].

I an g aavesan

William Schneider testifying betore Corgress implied
that failings in U.5. materials policy are being reflected
in lessened national security. Supply shortfalls have
induced stretched out procurements, multiyear lead times for
critical items, and rapidly increasing cost for weapons
systems. Present production rates for aircraft are
approximately the same rates that existed in the 1930°s. He
feels the low production rates merely conceal the scope of

the problem and any military requirement causing a surge

??




would quickly induce the production breakdown of military
equipment requiring critical materials (40:253).

William A. OwczarskKi, Pratt and Whitney Aircraft Group,
states their concern for a prolonged cotalt supply
interruption and its impact on the U.S. airlines:

In 1979, some 83 percent of the commercial flights
in the United States were in aircraft equipped with
our JT8D engine. On the average, these engines
operate about 2300 hours per year and the first
turbine wvane, which is a 60 percent cobalt alloy,
has a useful life of 10,000 hours before it is
replaced. The pipeline for replacement is about 12
months 1long from our melting suppliers to delivery
of spare vanes to the airlines. From the time
cobalt should be cutoff from our melting suppliers,
we could supply spare parts to our airline
customers for only a year. At the end of that
time, the JT8D powered fleet would start to be
grounded at the rate of about 25 percent per

year.,.. The impact on our defense and commercial
airline systems would be extremely serious [de:Tlu-~
2]'

E.P. Whelan, Climax Molybdenum Company, states:

There can be no question that the aircraft gas
turbine industry is heavily dependent on chromium
for its successful operation... The current price
and availability of chromium has induced a false
sense of security in this country, that has been
historically difficult to disturb, and that is
overdue for an infusion of realism [ée:T21-11.

Allen OGray, Technical Director of American Metals
Society, sars, "the cutoff of our chromium supply could be
even more serious than a cutoff in our o0il supply [ée:T17-

3]-’

James Santini, former chairman of the Subcommittee on

Mines and Mining of the House Committee on Interior and

S

Insular Affairs, expresses his concern on Soviet motives and

)
|

materials shortages below:

..'."‘o ,- *’
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Control of southern Africa’‘’s strategic minerals
would qQive the Soviets virtually total control of
at least 19 of the most strategically important
minerals in the world. Were they to obtain such
control, the Soviets would be able to run a super
cartel that would make OPEC (Organization of
Petroleum Exporting Count-ies) a minor concern in
comparison [27a:25].

Alexander Haig, then [1980) President and Chief Operating
Officer of United Technologies Corporation, gave this
response concerning a cutoff of cobalt and its effect on
aerospace capacity:

A lack of cobalt in the period ahead within a year

would start a decline of about 23 percent a year of

ocur production capability. It would have a

devastating impact on us {33b:8].

Retired Admiral MWilliam C., Mott, Executive Director of
the Council on Economics and National Security, presents a
very gloomy picture:

Like a mushroom cloud of an atomic explosion,

shortages of strategic materials would spread from

industry to industry and ultimately blanket every

corner of our industrial base, threatening our

standard of living, our very society itself.

Shortfalls in just the four minerals discussed

above [chromium, cobalt, manganese, and platinum)
could cause shutdowns or slowdowns in such basic

industries as: transportation, construction,
manufacturing, electronics, steel, o0il, chemicals,
technology, even agricul ture,. That would throw
untold millions of Americans out of work, shoot
prices through the roof, render the doilar
practically wvalueless. Even the nation’s ability
to defend itself would be in grave doubt. The

resul tant social and political repercussions in the
country would defy imagination [32:138].

1t is unlikely that an interruption of strategic
materials would impact only the U.S. It is more 1liKely to

affect the U.S., Western Europe, and Japan. Former
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Chancellor Heimut Schmidt expressed his concern over
chromium and the West German Society before the U.S.
Congress. He said:

Shut me off from African chrome for a period of two

years and you will decrease my employment by two

million in a population of 40 million and cause my

GNP to drop by 235 percent [(18:T7-5].

In addition to these testimonials by experts, in the
fields of defense analysis, economics, and strategic
materials, various studies simutate the economic impact of a
strategic materials denial. Identifying the specific and
total impact of a sudden disruption in supply of a strategic
material is quite difficult at best because there are a
myriad of conditions and circumstances that would influence
the ultimate impact of a disruption.

The Department of Commerce provides two analyses in its
report on strategic materials and the aerospace industry.
The first is a review and analysis of the 1973-1979 period
when the United States experienced a cobalt supply shortage
due to a disruption in mining activities in Zaire. The
second analysis uses an econometric model to analyze the
future world cobalt market and simulate a supply disruption.

In the first analysis, a review of Non-Centrally-
Planned-Economies (NON-CPE) production of cobalt shows a
marked decrease in production during the 1976-1978 time
frame. See table X. The study states that 2Zairian cobalt
production dropped considerably in 1976 and 1977 to about 40

percent of its 1974 production levels and Zambian production
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in 1977-78 was approximately 20 percent below preceding

years levels (14:85)., Also, in 1977 the U.S. Government

-y

ceased the sale of "excess cobalt®" from the NDS which had
averaged six million pounds annually. Table X also shows
new cobalt supplies (measured by adding production and
stockpile releases) decreased approximately 14.6 million )
pounds on average or about 25 percent below the 1973-19746
time frame.
g Table X
/ 1973-1979 Cobalt Availability .
(millions of pounds) o -
t Non-CPE NDS Total Summary
Mine Production Release Supply Jotal
.. 1973 49.9 8.4 58.0 19723-75 -
5 1974 S56.1 8.9 65.0 Average -
g 1975 48.9 4.3 55.2 = 59.4
1976 39.6 6.7 45.3 1976-78 oo
1977 40.4 0.1 40.5 Average -
1978 47.8 0.0 47.8 = 44.% - .
1979 55.3 2.0 S5S5.3

— ——— — —— —— —— — — . . T~ — . — A S - — —— ——— N Ty ——— > . - —

Source (14:34)

'

nd

;i A direct result of cobalt supply disruption is clearly

;; seen in price changes between 1973 and 1979. Between 1973

’ and 1975 the producer price of cobalt fluctuated between
: $3.00 and $3.98/1b. Prices increased steadily to $4.44/1b

:i in 1976, $5.58/1b in 1977, 46.85/1b in early 1978 followed by

>

rapid jumps to $12.50, $18.00, and $20.00/1b by late 1778,




In 1979, the price level increased to $25.00/1b. During the
g late 70’s the merchant price of cobalt approached $50.00/1b e
(14:88).
; In response to these steady and significant price
v increases, total U.S. consumption of cobalt decreased on an >
average of 13 percent during the 1976 thru 1978 time frame.
But, in 19279 as cobalt supplies increased to pre 1974 levels
U.S. consumption increased to near the 1973-75 levels,. The -
transportation sector, the primary user of cobalt, actualiy
increased its use by about three percent between [19746-79
time frame while overall U.S. cobait usage declined (14:87), -
The increased use of cobalt by the transportation sector
during a period of declining supplies, suggests the
importance of this mineral commodity and the transportation
sector‘s willingness to pay a six fold increase in price,

A review and analysis of this period provides some

PO

insights into the possible reactions of using sectors and .
the U.S. Government in a future supply disruption (14:87-
88).
-- Afrimet, the Zairian cobalt markKeting company introduced
an allocation system which allowed customers up to 70 Ziﬁ
percent of previous purchases. éﬁf
-~ Some of the U.S. aerospace companies entered the cobalt ?ﬂ
market. A function normally provided by the alloy :gf

companies. f}f
-~ The U.S, initiated an export monitoring srstem .

~— The market place responded by allocating cobalt to those

PN
L I )
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industries willing to pay the higher price. Naturally,

this willingness to pay higher prices depended upon the

industry’s ability to substitute. Reaction of the » 1
4 aerospace industry seems to indicate the importance of Qﬁ
cobalt in its production processes, as demonstrated by ijiﬁ
AREEEN
their willingness to pay the increased price. LY
~— Expenditures on cobalt increased approximately six fold i
ﬁ
during the 1975-79 time period when overall consumption .
- 4
decreased. In 1975, industry spent 73 million dollars ).
for cobalt and in 1979, 475 million dollars. o
-— Consumption patterns during the 19746-78 time frame ﬁ
DG
indicate a substantial draw down of cobait stocks. ) 4
-- Finally,
It should be noted that these increased :
expendi tures and reductions in consumption in some N
end wuse sectors resulted from a gradual three year 2 -
period of marKet adjustment punctuated by one brief
supply contingency. The <cost of a single year .
disruption of similar magnitude would most likely S
be much higher [14:88). T
. ~ e
The econometric model used by DOC to assess the impact 2'—1
of a future supply disruption is a supply demand function SO
using simul taneous equations to balance the system. The i ﬂ
demand equations reflect eight cobalt using sectors and the - - 4
rest of the market economy while supply equations reflect
such sources as 2aire, Zambia, Australia, Philippines and
Canada (14:88). (For a more complete model description,
assumptions, etc., see Critical Materials Requirements of

the U.S. Aerospace Industry.) Two simulations are provided,

normal market conditions and significant disruption of
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cobalt supplies in (985, The later simulation is of

interest.

The significant disruption simulation reflects an
unprecedented reduction in central African production; a 75
percent reduction in Zambian and 2Zairian cobalt reduction
and a S0 percent unavailability of producer nation stocks.
Figure 12 indicates a significant impact caused by a supply
disruption.

Below is a summary of the model’s projected impacts
{14:92-95):

-- The market price of cobalt increases ten +fold to
approximately $150/1b.

-- Total U.S. consumption declines in the year of supply
disruption and for several years thereafter (17 percent
reduction in the year of disruption).

—-=— The transportation sector does not reduce usage as much
as other sectors in the economy.

—-— Cobalt expenditures increase from $350 million to about
+3 billion <(no disruption ws disruption scenarios)
resulting in significant increases in prices of aerospace
products.

-— Forced substitution would take place with likely
inefficiencies.

-— Substitute product prices would 1likely be bid up
resulting in higher price substitutes.

-= An increase in unemployment.

-- Possible spot shortages of materials which may impact on
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U.S. Cobalt Consumption
40 -T— (Millions of Pounds)

35 L

30 L

Total

25 T No Disruption
20 -
Disruption
15 -r
TRANSPORTATION SECTOR
10 T
5 quf_’_//——-’_’
0 f f ¥ t
1980 1985 1990 1995
150 =+ : Cobalt Price (1979 §)
‘
1
125 -+ ‘|
\
100 + '
' Disruption

1980 1985 1990 1995 i

Fig 12. Comparison of 1980-2000 Cobalt
Forecast and 1985 Disruptions Source (14:93)
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DOD projects.
-= A liKely decrease in the number of systems procured due
to the simulated 10 fold price increase.
This study also makes similar conclusions regarding
- chromium.

Concern in the chromium market revolves around the
potential for disruption of production in Southern
Africa. A significant reduction of chromite and or
ferrochromium production could have a substantial
impact on the market for chromium users... Although
some reductions in chromium usage appear possible,
it is doubtful whether the aerospace industry could
reduce usage significantly more than ten percent in
the short run without affecting product quality or
quantity...

&1

D However, a supply disruption can be expected to -
have a substantial +financial impact on chromium ’
users, Given the volatility of commodity markets,

a significant disruption would ¢greatly increase
depending on the availability of stocks... In the S
short run, the division of these increased costs —

il between manufacturer and consumers (including the -~

- airlines and the U.S. Government) is uncertain...

5 {14:140-1411.

It is liKely, given a similar supply disruption to that

e

i simulated for cobalt, the consequences would be more severe
in terms of additional social and economic costs because of

the pervasiveness and importance of chromium throughout all

LY

1

. . l‘l .' "
USSR W

v. sectors of the economy. -

Several studies involving the economic impact of a :i;

s
Y.

T
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chromium supply interruption have also been completed.
Professor Roger Miller analrzed the economic impact from a -
renewed Rhodesian chromium embargo in 1975 entitled The Ejb

Economic Impact of U.S. Restrictions on Trade With Rhodesia: EEH

- A Preliminary View. The Department of the Interior also B
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completed a study of the same nature in 1975 entitled

Critical Material Commodity Action Analysis. Finally, the e

Charles River Associates (CRA) performed a study entitled

Policy Implications of Producer Country Supply Restrictions:
The World Chromite Market. (Strategic Minerals: The

Economic Impact of Supply Disruptions by James 7T. Bennett

and Walter E. Williams summarizes the CRA study findings
which are outlined below.

Bennett and Williams in reviewing the CRA study point
out that one objective of the 1978 study was to "estimate
the real economic costs to the economy in the event of an
embargo.” This study did not assume a supply discruption
wouid happen but rather, assigned probabilities to 1likely
events, The possibility of a disruption was assigned the
probability of 0.3, and the probability that the disruption
would continue for another year and for each additional year
is 0.5 per year (1:45). Hence, the probability of a two
year disruption is 0.3 times 0.3 or .13 and the probability
of a three year disruption is 0.075. The following table
provides the expected value costs based on two scenarios: A
153 percent supply disruption and a 26 percent supply
disruption.

Table X1 shows a 15 percent disruption scenario and a
seven fold increase in the price of a short ton of contained
chromium and the total expected economic loss is
approximately $2.34 billion, Under the 26 percent

disruption scenario, a 10 fold price increase takes place
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Table X1

Charles River Associates Estimates of Price Changes and
Expected Economic Losses of Chromium Supply Disruptions

154 Supply Disruption 26% Supply Disruption
Econcmic Loss Economic Loss
Year Frice/Ton ($ Mill.,) Price/Ton (3 Mill,))
0 $ 220.0 3 3.2 $ 222.0 3 6.7
i 265.0 220.9 265.0 378.4
2 342.4 220 .4 342.0 377.1
3 506.5 221.4 306.3 377.3
} 4 854.4 229.3 854.4 383.9
S 1439.8 257.6 1591.8 414.8
é 1211.4 247.4 2363.3 475.0
7 ¥25.2 239.8 1646.7 445.8
8 696.5 238.0 1153.3 438.7
9 696.5 238.0 1153.3 438.7
10 694.95 238.0 1153.3 438.7
Source (1:45)
' with a ten year expected economic loss of $4.2 billion.

Bennett and Williams feel that although the CRA describes
the import restriction of 13 and 26 percent as having severe
consequences, they are very much understated because of tne
model’s assumptions of a four year stockpile of chromium,
constant price of substitutes, and only the availability of
chromium would be affected (1:44).

A much more severe picture evoives if actual losses are

considered instead of expected losses.

if we assume that the likelihood of a disruption

lasting for a period of, say, five years is one and P

adjust the CRA loss estimates accordingly... the .55;4

five year economic loss with a 15 percent DR

disruption is $22.6 billion and, with a 24 percent

disruption, the loss $38.1 biilion, substantially

' more than if expected cost alone are considered o]
(1:46]. e
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These economic losses can be translated into a decline

in employment. I¥ output were reduced by $22.46 and $38.1

billion respectively, over a period of five years, a loss of
1.25 and 2.1 million man years of employment would resuilt
(1:48). Again Bennett and Williams feel these estimates are
understated because of the CRA model assumptions.

It is worth noting that the various models considered do
not always predict the same degree of severity of the impact
given a supply disruption however, we believe it is clear
that given a relatively small reduction, {5 percent or so,
in a strategic material, the economic impact will be wide
spread with large reductions in output, significantly higher
prices, and reductions in employment. Should there ever be
a prolonged large scale reduction of strategic materials
from <southern Africa, severe economic hardships and
dislocations of the labor force approaching catastrophic

proportions would likely result. The United States and the

rest of the UWestern world are not prepared to face a

materials disruption on the scale just mentioned. :ﬂiﬂ:
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V. Findings And Recommendations

Findings

The findings and recommendations of this study presented
below are based on thousands of pages of literature
research, contributions of {5 major defense contractors, and
four primary melt house suppliers to the defense industry

and other sectors of the economy.

1. The National Defense Stockpile has been grossly mis~
managed in the past 20 vyears. The Federal Ememrgency
Management Agency (FEMA) estimates that had the status quo
of 1962 been maintained, the cost of achieving current
stockpile goals would be minimal and valuable surpluses of

copper, aluminum, zinc, cobalt, nickel and lead would exist,

2, There is no real National Defense Stockpile Manager.
Twenty six agencies are involved in stockpile management.
This has resuited in a lack of direction and priority in the
management of the NDS. Within GSA, the stockpile program is
near the bottom of the priority list. The present structure
of stockpile management is seriously lacKing in a strong

commi ttment.

3. The vulnerability issue must be viewed in terms beyond
raw materials supply because it also involves the wvitality

of the processing and manufacturing sectors which convert

these materials into the products we need. The problem must




be approached on an international scale.

4. At present major aerospace defense contractors do not

have plans to maintain a stockpile of raw materials used in
the production of their products. They felt it was not in

! their economic interests to do so.

3. With one exception, we found the suppliers to aerospace
N industry are not carrying any excess inventories of raw
L materials. Carrying costs and interest rates make it nearly
impossible to do so. One of the major steel producers
attempts to keep their inventories to a minimum and would

i prefer to have their inventories on consignment.

4. Over the past 10 to 15 years the U.S. has experienced a

tremendous reduction in ore processing capability
particularly in chromium and manganese. The transfer of
smelting facilities offshore increases America’s
vulnerability and further weakens an already deteriorating
industrial base. Reprocessing of existing, stockpile ores
in large quantities, to meet the high quality and stringent
specifications of the defense industry can not be

accomplished quickly.

7. The aerospace contractors could not provide any
specific time frame, after which a material interruption
occurred, when it would impact on government programs under
contract., Nor were they able to identify specific increased

costs or procurement times.

.
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8. All interviewees expressed concern of an apparent lack

of a National Policy on Strategic and Critical Materials.
m They felt it is the responsibility of the federal government

to ensure adequate supplies of strategic and critical

T
D

- materials., This includes the purchase and maintenance of
.' strategic materials for the National Defense StocKpile.
?. 0Our conversations with defense industry executives

indicated that substantial financial incentives, to offset
the riskKs and carrying costs for carrying excess
inventories, are required to encourage users to maintain

extra inventories of strategic materials.

10. There appears to have been insufficient government and
industry interface in the past in determining and updating
material specifications as indicated by the technical

obsolescence of materials in the NDS.

11. The real mineral wealth of the United States is ret to
be determined. Millions of acres of public land are off
limite not only to mineral development but exploration as
well. Only three tenths of one percent of the U.S. 1and

mass has been disturbed by mining operations. The myopic

approach of the federal government will only perpetuate our
dependence on certain strateqgic materials, for example,

cobalt and platinum.

12. Much of the material in the stocKpile is unsuitable for

national defense purposes. Defense industries require very

i14
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tight specifications and high purity requirements.
Documentation on material specifications, quality, purity,
etc., is missing on several minerals in the NDS, and scme
contamination exists, thus limiting the usefulness of NDS

resources.

13. Ironically, the U.S. has contributed to the demise of

its own domestic mining industries through its participation
in the International Monetary Fund, which has lent billions
of dollars to Third World Nations for mineral exploration

and mining development.

14. Many allies of the U.S. are not actively engaged in

stockpiling strateqgic materials needed for their own defense
and economic stability. This will undoubtedly increase
pressures on the United States to share resources from its
national stockpile in the event of a major minerals

disruption.

Recommendations

1. To prevent any further abuse of the National Stockpile
the United States should establish a separate agency at the
cabinet level whose charter would be to operate and maintain
the National Defense Stockpile. 1t should be composed of
representatives from government, industry, and academia who
are most familiar with the strategic mineral problems facing

the United States and its allies,

2. The United States should revitalize its industrial base
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and particularly the mineral mining and processing
industries. Through economic incentives and tax subsidies
allowed under Title III of the Defense Production Act (DPA),
the government could develop an effective program to
encourage private industry development and expansion in the

mining and processing industries.

3. The DoD shouild permit defense contractors to purchase

iii raw materials and semi-processed materials under long lead
time procurement agreements. Also, Title III of the DPA or
tax subsidies could be used to encourage private industry’s
i cooperation to hotld excess dedicated government inventories

» of strategic materials for use in an emergency.

4. There is a lack of “corporate" Knowledge concerning
strategic materials substitution. It would be beneficial if

there was a national strategic materials substitution data

base to include information on new manufacturing processes
and materials. This should be part of an organized effort to

increase R&D activities on substitution technology.

S. The federal government should inventory all public lands
to determine domestic availability of all strategic and

critical materials.

6. The United States should develop a rational and coherent
foreign policy with all foreign materiais suppliers to ensure
continued access to minerals and materials. We have in the

past embargoed chrome from Rhodesia while at the same time we
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purchased chrome from the Soviet Union. ;_
7. To reduce strategic material usage and increase fti
productivity, the Departinent of Defense should accelerate 5 B
technology modernization programs in the defense industry. é;é
8. The material in the National Defense Stockpile should be ;;‘
t rotated to prevent technical obsolescence and deterioration. .
New materials purchased for the NDS must meet realistic .
specifications that will allow their use for a wide range of ;_:d
{ applications.
E
9. The President and/or Congress should make U.S. reliance L
j on foreign sources for many important strategic materials a !f-
national <cecurity issue. This should serve to increase
public awareness and gain support for this critical issue. %;;;
10. The government should replenish the stockpile first for !i;{
the most vulnerable strategic materials on which the defense ;igﬁ
industry is most dependent. Zj:
11, The Defense Material System (DMS) must be expanded to
include those materials on which the United States is most N
dependent and those whose shortages would cause the greatest i
economic or defense problems. Specific materials that should Eé;?
be added to the DMS are: chromium, cobalt, manganese, and ;ﬁ
titanium., ;fj
12, It is imperative that a coordinated international 3;5
strategr, between the United States and its allies concerning T
: - R
R e e T L T T e e e LT e e e e e O o
Siatintihatnbetionsiuininad bttt ot o et " N T N N TN




strategic material shortages, stockpiling, conservation and
substitution technologies, be initiated because the problems

concerning strategic materials are international in scope.

13. The United States Government should continue its
efforts to obtain and maintain an Exclusive Economic 2one for

deep sea mining purposes.

Recommendations for Further Investigation and Study

Recommendations for further investigation and additional
study include:

1. The level of financial incentives required for
suppliers to the defense industrial base to carry excessive
stocks dedicated to defense programs

2., The development of a model to forecast the use of
strategic materials for use in future weapon systems.

3. Investigate the ramifications and impact of
liberalizing long lead procurement funding for forgings/parts
made from strategic materials.

4. Investigate what role multivyear contracting could
play in incentivizing contractors to procure strategic

materials in advance of program requirements,




Vi. Conclusion

[
b
h
* When a nation no longer controls its destiny, it must f‘“f
. with wvigor and fortitude develop national policies to

protect its security and economic base. That time is here

and now., The U.S. is no longer the master of its fate. Lo

Nuclear proliferation, dependence on OPEC oil, and foreign

strategic and critical materials essential to our defense

]
TV ¥ V5 B

and economic bases, has made this fact reality.
We have been stockpiling actively for over 40 years.

However, the policies and efforts have not been coordinated.

It has been reactionary rather than a deliberate planned L
effort. One of the greatest challenges facing the U.S. f
today is the development and implementation of an all .  §
encompassing rational coherent national poligciy on strategic :—::
and critical materials. Because of past mistakes in policy ‘:;;
and management, we have exposed ourselves to the mighty arm i;i:
of the Soviet Union, which has as a long term national goa) :##4
the domination of African States and the eventual

consolidation of many of the strategic material areas under

their control, B

We are not guaranteed future access to the minerals on

which the industrial base of the United States depends. The

sooner Congress and the President realize this, and the

American people become aware, the sooner a real policy that
integrates strategic materials, national security, foreign

policy, and economic issues can be implemented.
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.......
..............

-

..
LN




There are no strategic material shortages todar. Wortld
supply and reserves are adequate for all materials for many
years to come. However, it would take wvery 1little to
precipitate a major materials crisis, given the level of
U.S. dependence and the concentration of many ores in
politically and economically unstable regions of central and
southern Africa, The major push for economic, political,
and racial reform in South Africa all point to a "Crisis
Waiting To Happen," on the African continent. The scope of
the crisis’ impact on material dependent nations would be

difficult to predict. However, the minerals involved,

precipitating event, duration, and the world economy would

all influence the eventual economic disruptions and

international security implications. If the triggering ;;;4
event happens soon, it will find the United States and its :7;?
allies unprepared, and with the international, economic, €
social and security consequences being very severe. The ;Qii

time for action is now.
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Appendix A: Stockpile Inventory

Explanation of Table 2

The National Defense Stockpile total inventory as given

in Table 2 excludes quantities that were sold but not

shipped from depots to the purchasers. In the Statistical

Supplement (available from the General Services
Adninistration) the inventory is listed as *"Total Inventory

F in Storage®” with a separate line for "Unshipped Sales.®

i The Table 2 Inventory quantities combine stockpile and

g nonstockpile grade materials, while separate lines can be

found for each type in the Statistical Supplement.

Nonstockpile grade material may vary only slightly from the

stocKpile grade and in some cases is temporarily credited
toward goals.

For some materials where a goal deficit occurs, the
excess of another form of the material is held to offset the
shortage as indicated in the footnotes at the end of Table
2. The term "offset” means ailocating one form of a
material for an equivalent amount of another form.

Materials are grouped by "families,” and a summary line
for each basic family group is included. The materials have
been grouped in each family according to their status as raw
materials, semifinished products or finished products that
contain the same common ingredient. The values shown in the
summary line for each family group are expressed in the

basic unit common to all members of the group. In all but

121

'''''''''''
...........




e —y——w——— - —
: T T T, Padin PAal it At A * B i

X JRML

three cases, this basic unit is the metal equivalent for
each form. There is a different conversion factor for each
form because each requires different technology and incurs
v different conversion losses.

Market values are prices at which comparable materials
are being traded, or in the absence of trading, values are
f estimates. They are not necessarily the amount that would
be realized if the material were sold.

The material in this appendix was extracted from the
Federal Emergency Managment Agency publication, Stockpile

Report to the Conqress April—-September 1983.

Abbreviations

AMA Lb -Anhydrous Morphine AlkKaloid (Pounds)
AvOz -Avoirdupois Qunce
FL -Flask (7é6-Pound)
KT -Carat
LB -Pound
LB Cb -Pounds of Contained Columbium
LB Co -Pounds of Contained Cobalt
LB Mo -Pounds of Contained Mol ybdenum
LB Ta -Pounds of Contained Tantalum
LB W ~-Pounds of Contained Tungsten
LCT -Long Calcined Ton
LDT -Long Dry Ton
LT -Long Ton
MT -Metric Ton
PC -Piece
SDT -Short Dry Ton
ST -Short Ton
ST Ni+Co -Short Tons of Contained Nickel pius Cobalt
ST V -Short Tone of Contained Vanadium :
Tr0z -Troy Qunces -
R
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Appendix B: U.S. Net Import Reliance Of Metals and Minerals Co.
U.S. NET IMPORT RELIANCE {7 GF METALS AND MINERALS AS A PERCINT OF APPARLNT . N
(In percent. 3ased on ne: ImpoCis 3I metals, @ineriis, ofes, 20¢ ..ad a
Metals and Minerals L2381 1382 1985 2+ Masor Foreian Ioulies L9 idrl
Aluminum (metal) £ 7 i3 Canada, hana, Venezueid, <apan
Antimony -8 51 52 Metal: 3olivia, China, Bei.~lux., Mex..:
Jres: 3olivia, Mexico, Janada. X toS.uta Afrilg
Oxide: Rep. of 3outh Africa. ! 23ivra, Frarce
Arsenic N “ . lveden, Mexico, fraace,
Asbestus °3 T %3 Canada, Rwes. 3f 3ouch A :
3arize 20 b} 3% Niaa, P Chile, Mordooo
Jauxite and zlumina 36 96 35 3quxite: Jgmaica. suiea, Surifdle
Alumina: Australia, Jamarcs, J.Tiname
3ervllium " W w Caina, drazii, Rep. 0 south ATciia, dwanda
3ismuth Fl " W Peru, Mexico, United Xingdum, Ted. Rep. 3f
Germany
3oron Z z B Colemanile and ala2xite: Turkey
3romine 3 g < Israel, Unitad X:iagdom, detheriinds. France
Cadmium 33 73 49 Zanada, Australia, Mexico, Rep. 1 Ksr-z
Cement - 5 - Canada, Japan, Mexizc, Spain
Cesium (compounds) L0 190 00 Fed. Rep. »f Cermany, Untted Xingzom
Chromium 40 45 7 Chromize: Rep. of South Afr:ca, U.3.35.R..
Philippines
Ferrochromium: Rep. of South Africa, Yugosiavia,
Zimbadbwe
Clays 2 2 E United Xingdom, Canada, Fed. Rep. of Sermarv, YMexico
Cobalt a2 32 a0 Zaitve, Zambia, 3el.-Lux., Janada, Japan. Norwav
Coiumbium LaG .00 von drazil, Zangca, Thailand
Copper b) i T chile, Canada, Peru, Zamdia
Corundum .o 130 LR Rep. ¢ Joutn Africa
Diamond (i1ndustrial stone; 100 w0 106 Rep. of South Africa, Zaire, 3el.-Lux., “niced
Xingdom
Jiamond (burt, powder, dust) 13 E 3 lreland, Rep. of South Afr:ica, Japan, Bel.-Lux.,
Switzerland
Digcomice £ E E Mexico
Feldspar £ £ E Canada, Norway, Sweden
Fluorspar 33 33 " Mexico, Rep. of South Africa, China, lealv
Gallium NA NA NA Switzerland, Canada, Fed. Rep. of Cermany, Chiaa
Garnet € £ g None
Gem stones 100 100 i00 Rep. of South Africa. Bel.-Lux., Israel, India
Germanium NA NA NA 8¢l.-Lux., China, Switzerland, Fod. Rep. of Germany
Gold i3 32 21 Canada, Switzerland, (mostlvy Rep. of 3outh Africa
origin), U.S.S5.R.
Graphite {nacural) 120 K bl Mexico, China, Brazil, Madagascar, Rep. of Rorea
G psum 37 bL.] 39 Tanad4, Mexico, Spain
Hafnium A W ) France, Fed. Rep. >f Germany, Unitzd Kingdom
Helium E E £ None
Ilmenite 32 75 " Australia, Canada, Rep. of South Airica
Iadium NA NA NA 3el.-Lux., ?eru, Japan, "“nited Kingdom
lodiae ‘-’ d W Japan, Cchiie
lron ore 22 34 37 Canada, Venezuela, Brazil, Liber:a
lron and steel 3 23 23 Europe, Japan, Canada
lron and steel scrap |4 3 E Canaca
lron and scteel >lag NA A NA Not avaiiable
Kyanite & related minerals E g E Not available
Lead (metal)} 1 3 il Canada, Mexico, Aus:talia., Peru
Lime 2 2l 2 Canada, Mexico
Lithium £ E 3 insignificaat L .
. " 4
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U.S. NET IMPORT RELIANCE i1/ OF METALS AND MINERALS AS A PERCENT OF APPARENT CONSUMPTION 2/

(In percent. Bas

Metals and Minerals

ed on net imports of metals, minerals, ores, and ccncentrates.)

1981 1982 1983 o/ Major Foreign Sources (1979-1982)

Magnesiua E E E Canada, Norway, France, Netherlands
Magnesium compounds 2 4 2 Ireland, Greece, Japan, India
Manganese 98 99 99 Ore: Rep. of South Africa, Gabon, Austral:ia, Brazil
Ferromanganese: Rep. of South Africa, France
Mercury 44 31 25 Japan, Spain, Canada, Italy
Mica (natural) scrap flake E E E Canada, Ilndia, Brazil
Mica (natural) sheet 100 100 100 India, Brazil, Belgium
Mo lybdenua E E E Chile, Mexico, Canada
Nickel 75 76 77 Canada, Auscralia, Norway, Botswana
Nitrogen (fixed) 5 8 11 Canada, Trinidad and Tobago. U.S.S.R., Mexico
Peat 34 29 36 Canada, Fed. Rep. of Germany
Perlite E E E Greece
Phosphate tock E g E Morocco, Netherlands Antiiles, Mexico
Platinumgroup metals 34 80 84 Rep. of South Africa, U.S.S5.R., United Kingdom
Potash 65 65 75 Canada, Israel
Pumice & pumicite 15 22 30 Greece, Italy
Quartz crystal-industrial NA NA NA Brazil
Rare~earth metals 14 11 18 Mongzite: Australia, Malaysia
Rhenium W () W Chile, Fed. Rep. of Germany
Rubidium NA NA NA Canada
Rutile W w w Australia, Sierra Leone, Rep. of South Africa
Salt 8 11 8 Canada, Mexico, Bahamas, Chile
Sand and gravel (construction) E £ E Canada
Selenium 45 55 37 Canada, Japan, United Kingdom, Bel.-Lux.,
Fed. Rep. of Germany
Silicon 17 23 30 Canada, Brazii, Norway, Venezuela
Silver 53 55 61 Canada, Mexico, Peru, United Kingdom
Sodium carbonate £ E E Canada
Sodium sulfate 10 26 29 Canada, Belgium, Mexico, United Kingdom
Stone (crushed) - - - Canada, Bahamas
Stone (dimension) 43 51 55 Italy, Canada, Mexico
Strontium 100 100 100 Mexico
Sul fur 5 4 16 Canada, Mexico
Talc and pyrophyllite E E E Italy, Canada, France
Tantalum 92 92 9l Thailand, Canada, Malaysia, B3razil
Tellurium W W v Canada, Hong Kong, United Kingdom
Thallium w 100 100 Fed. Rep. of Germany, Bel.-Lux., Norway
Thorium 100 100 100 France, Netherlands, Canada, Malta
Tin 77 68 72 Malavgia, Thailand, Bolivia, Indonesia
Titaniua (metal) W W W Japan, China, U.S.S.R.
Tungsten 50 46 39 Canada, Bolivia, China
Vanadium 34 24 52 Rep. of South Africa, Canada, Finland
Vermiculite E £ E Rep. of South Africa, srazil
Yeerium 100 100 100 Monazite: Australia, Malaysia
Yererium concentrate: Malaysia, Canada, Japan
Zine 64 58 56 Orz & Concentrates: Canada, P=ruy, Mexico
Metal: Canada, Spain, Australia, Peru
Zirconium w w W Zirconium: Fraace, Japan, Canada
Zircon: Australia, Rep. of South Africa
5/ Estimated. 1/ Net import reiiance = imports - exports + adjustments for Government
E Net exports. and industry scock changes,
W Withheld. 2/ Apparent consumption = U.§. primary + secondary production + net
NA Not availabie. impor: reliance.
- None.
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Appendix C: Soviet Minerals Policy

An examination of Soviet minerals policy should provide
a general idea as to how the U.S.S.R. uses its vast mineral
resources to serve its objectives. The mineral policy will
be examined therefore with regard to several Soviet goals:

- Pursuit of self-sufficiency in minerals.

- Development of trade as a means of obtaining needed
foreign exchange to finance large imports of goods,
services, and technology from the West in addition to
meeting the mineral needs of the Comecon countries.

- GBGaining political influence around the world and
increasing integration of the Comecon countries’ economies

with that of the Soviet Union.

Pursuit of Self-Sufficiency

Soviet resource policy has been characterized by a
willingness to incur substantial costs in order to promote a
balanced development of all the materials required by an
industrialized society. The economic principles of
comparative advantage have had 1little influence. Wi th
nonfuel minerals unmatched elsewhere in the worlid, low-cost
labor, and low consumption, the U.S.S.R. has become the most
self-sufficient among the world’s leading industrialized
nations. Only for a few minerals—-bauxite and alumina,
cobalt, tin, tungsten, fluorspar, and mica--does the

U.S.S.R. have some degree of import dependency.
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1 The U.S.S.R. is the leading world producer of iron ore,
manganese ore, platinum group metals, petroleum, steel,
b potassium salts, asbestos, and cement. It occupies second r

place, +following the United States, in world output of

aluminum, lead, natural gas, coal and phosphate rocks. It

ranks second, after Canada, in the production of nickel, and

YT
-r

follows South Africa in gold and chromium ore output.

To achieve its world position as a leading mineral
producer with a high degree of self sufficiency, mineral ’
development has been given a Key place in the Soviet

economic policy., Very large sums are spent on mineral

’(.' R

exploration and production. Wide-ranging programs for -

investigating promising but as yet wunconfirmed deposits i??

suqgest that new reserves will continue to be found. Given ;;;

the evidence of extensive mineralization in the already %5.{

surveyed areas of the Soviet Union, the wvery large ;E%;

unsurveyed areas will likely provide major discoveries in ;;;
'

the future. Tvﬁg

Also, Soviet efforts to open up new sources of mineral

supply have contributed to programs of regional economic

development, another Soviet objective. In some remote

.Y,

areas, mining and ore processing constitute the only

significant economic activities; in others they help provide

the nucleus for manufacturing and other economic activities;

..
.
.

QEAE o

in al)l areas they help establish the Soviet presence. e

. v -
EAME SR ER
et

Al

The self-sufficiency picture is quite different when

B MPors

semi -manufactures such as high-quality rolled steel, larqge-
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diameter steel pipes, etc., are included, since the Soviet 1 

5 Union is dependent on imports to meet requirements for these o
b commodi ties. __.&
The question arises to what extent can the current sel+f 7

EI sufficiency be maintained in the future. The cost of
mineral development is rising. Additional labor, capital,

and advanced technology and equipment are required as older
deposits become depleted and new deposits are located +far
from population and consumption centers in areas with severe
climatic conditions. Al though decisions regarding mineral
production are based more on whether they further Soviet
programs than on laws of comparative advantage, the rising

costs do act as a constraint by further reducing the supply

of limited inputs available for other purposes.

These products were highlighted by the "Basic Guidelines
for the Social and Economic Development of the U.S.S.R. for j;ﬁ
1981-85 and the Period up to 1990," offering the basic f?-
outlines of the Eleventh Five-Year Plan. The document
declared that wunder the previous 5-year plan “"certain
economic and social problems® had been complicated by a
depletion of old mineral deposits and by the transfeé of
main centers of mining to the Soviet east and north, far 2
from the centers of population and industry. The document
further recognized that this shift would continue and even
accelerate, not only in the area of fuels and other energy
sources by also in nonfuel mineral resources., Additionally,

the "Basic Guidelines® admitted that extractive technologies o

..................................................
.................................
- * - -\ ---------------




needed improvement and that waste was a major problem (7).
With regard to resource depletion, the U.S5.S.R. has

often continued to work a deposit even after it has ceased )

to offer economic returns. Application of additional

quantities of labor have regularly served to increase metal

output at mines beset by decreasing ore quality. With an )
E impending labor shortage, this solution is no longer readily
- available, )
_ The trend of northward and eastward movement of the '

centers of almost all of the extractive industries and the

continued requirement for expanded production will

accentuate labor and transportation problems. Most of the R
Soviet east and north is inhospitable and lack.ng in social »f.f
amenities. In spite of many incentives such as preferential 17,,3

t—_—

salaries, superior holiday and travel arrangements, and
early retirement benefits, labor shortages and high turnover

plague all Soviet industries in these areas, including the

extractive industries. Additional strain is also put on the
Soviet railroad system to move mineralis. Completion of the
Baikal-Amur railroad <(BAM) will open access to new
territory, but transport capacity westward will not increase

until double tracking of the Chelyabinsk-TashKkent line is

undertaken. One recent article pointed out that the BaAM
will necessitate the construction of a "meridian )ine

nor thward" as well as other trunk lines to bring "a number

of large mineral deposits" into production. Aware of the

difficulties caused by railroad probiems, the Eleventh Five-
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E;T Year Plan calls for 3,400 kKilometers of new line and 3,000
Kilometers of double tracking.

Even in the unlikely event that increased incentives and
more railroad track can ameliorate the labor and location
problems, archaic technoloqgies and waste would remain. Ore
recovery is | ow at mines; efficiency is poor at
concentration plants and at smelters; the transportation

system loses great quantities of metals and minerals; and

end products are inefficiently used.

MINERAL TRADE POLICY

Al though self-sufficiency in minerals is an important
Soviet goal, it would be an exaggeration to say "at any
cost." Approximately 114 of total Soviet imports are
minerals. When extremely high costs have been encountered,
the Soviets have been willing to accept some degree of
reliance on foreign supplies. Among tin consumers, the
Soviet Union has regularly relied on imports for about a
quarter of its tin needs, reflecting its reluctance to push
tin development projects in high cost areas. Also, qrowth
of the aluminum industry in the past 15 years has been made
possible by a decision to import steadily increasing amounts
of raw materials. In addition , the Soviets also resort to
importing minerals for which they are not usually dependent
on foreign sources to supply regions far from the Soviet

source of supply, to overcome temporary supply breakdowns,

or as a political gesture to help friendly countries.
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Mineral export plays a much larger role in trade than
mineral imports. Without mineral exports (particuiarly fuel
exports), the Soviet Union could not pay for high—technology
machinery and equipment, complete industrial plants, and

acquire high—-quality steel products and technology that it

imports from the West. A large percentage of exports are

not actually surpluses and could easily be consumed in the

i domestic economy. Since certain commodities are exported to

meet hard currency requirements, the amount of a commodity

exported can depend on the price it sells for on Western
markets.

Emphasis on raw material exports is not universally

applauded in the Soviet Union. All things considered, the

Soviet Union would rather hold onto its natural resources
than export them. As long as it must avail itself of
advanced Western technology for more efficient mining as
well as manufacturing and as long as it is unable to produce
and sell more sophisticated manufactured goods, the Soviet

Union has a strong incentive to continue exporting raw

materials.
Export of raw materials to Comecon countries,
particularly to East Europe, is another important aspect of

Soviet nonfuel mineral trade policy. In return, the Soviets

import Eastern European manufactured goods that are of

higher quality than those produced domestically. In

addition, this trade is not paid for in hard currency. In SO

1979, 934 of the exported iron ore was shipped to Comecon
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member countries. For manganese ore, the share was also

?3%, copper about 49/, lead 90%, crude zinc 60% to 70%, and
B primary aluminum about &54.
o lLooking at the Comecon side of minerals trade, the
. U.S.S.R. provides nearly 1004 of their imports of pig iron,
!. about two-thirds of their rolled ferrous metals and
E_ phosphate fertilizers, about 40X of their manganese ore, and
' up to 90X of their iron ore. Substantial quantities of iron
ore, rolled ferrous metals, and chemical products are to be
supplied also in 1981-85., Of the six East European Comecon

members only Romania depends more on the West than on the

U.S.8.R. for raw materials. Given shortages of hard
currency, it will be difficult <for these countries to
purchase nonfuel minerals in the worid market if Soviet

supplies are not adequate.

The U.S.S.R.-Comecon relationship up until 1973 was not
disadvantageous to the Soviet Union, since it supplied its
allies with energr and raw materials in return for their
industrial goods. Following the dramatic rise in oil prices
in 1973, the situation changed. The Soviets found that they
were selling their allies raw materials that they could sell
more profitably on the world market-—in effect, they were
giving a subsidy. Yet, for political reasons, the U.S.S.R.

can ill afford to reverse this trend. Politically motivated

economic subsidies occurred even before the sharp oil oprice

hikKe. Such an economic subsidy to Czechoslovakia’s new -

regime had been used in 1948 by the Soviets as the principal .

e .

!
PP U
Sadeatodeide do. b cnudehadadodad e
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means of softening the impact of their intervention in the
country.

Even if secondary, economic considerations have been
steadily rising in importance, the question arises whether
at a certain point the economic factor does in fact become
overriding and hence whether the decision-makers begin to
act accordingly. This in fact seems to be the evolving
trend; the Soviets have begun to encourage Comecon countries
to seek sources other than the U.S.S.R. for raw materials
(particularly petroleum). The Soviet Unicon is also calling
on East European countries to aid in Soviet mineral
development. Joint projects are being initiated with
Comecon countries, the ltatter providing labor and capital
goods to open new mines or build plants; e.g., the
steelworks in the Kursk area and the opening up of copper-
mol ybdenum deposits in Mongolia.

As stated previousiy, the Soviets have also found it

necessary to import minerals, including bauxite and alumina,

antimony, some copper, cadmium, lead and 2inc, molybdenum,
tin, tungsten, and nonmetallic minerals such as barite, >555w
mica, and fluorspar. It is difficult to tell in all cases o p

whether Soviet imports signify a supply problem or are a

political gesture to help some developing country rid itsel+
of a surplus. In the case of production disruptions, which faﬂﬁﬂ

JC h
are a common occurance, the Soviets have turned to the '?‘“3

foreign market. In some instances they have switched from a
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selling to a buying posture almost overnight, and then back

to selling again.

USE OF MINERALS FOR ATTAINING
POLITICAL OBJECTIVES
. The Soviet Union views the export of its raw materials
as not only an economic but also a political tool. It has
directed its exports to those countries where it thought

there were political gains to be made. Thus petroleum was a

very important instrument in not only the displacement of
uU.s. oil interests from Cuba, but also in enhancing Soviet
) political objectives as well. 1[It has apparently tried the
same approach with other countries.
The Soviet Union also appears to have used its own
i imports as a foreign policy tool. Despite raw material
. surpluses of its own, the Soviets in the past have come to
;' the economic aid of countries like Cuba or Iraq when the
i NATO powers threatened to boycott their sugar or o0il. The
Soviets readily purchased products and provided technical
assistance to the countries being boycotted, both to
) suppliement and to replace the assistance of the Western
powers.
. The U.S.S.R. grants economic, scientific, and technical

) aid for mineral development to 90 Asian, African, and Latin

American countries, Such aid has included exploration
carrijed out by Soviet geologists in Afghanistan, Algeria, :ffW

and Malagasy, the latter as part of a contract signed in A

. 138




T eTATE I N TN TN W Y e e =

1978, Aid has been provided to Egypt, Guinea, India,
Turkey, and Yugoslavia for bauxite and alumina projects.
The Soviet Union is also developing phosphate in Morocco,
has built steel ptants for Algeria, India, Pakistan, Iran,

and Turkey, and has assisted Bolivia in building a tin

smel ter. While political considerations appear to be an
important consideration in granting such aid, these programs
have also developed sources of mineral supplies for the
U.S.S.R. '
When the political occasion has called for it, the jizjﬁ

Soviet Union has expressed displeasure or punished a country

by restricting exports to that country in disregard of
contracts and economic commitments. In 1948 Yugoslavia’s
oil imports from the Soviet Union were halved and eventually
terminated. Similarly, the oil shipments to Israel were
suspended after Israel invaded the Sinai in 1956. China,
which from 1955 to 1961 was the Soviet Union’s Jlargest

purchaser of petroleum, found its imports cut back sharply

in 1956 and severed entirely when the Soviet and Chinese . :f
dispute intensified. 0il shipments to Finland were halted
after the 1958 elections until a government more to the
Soviets’ liking was installed.

Despite political considerations, there are times when

the Soviets have taken advantage of lucrative economic

opportunities. During the Yom Kippur War and the subsequent

0oil embargo of the West (especially of the United States and

the Netherlands) imposed by the Organization of Arab
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Petroleum Exporting Countries <(OAPEC), the Soviet Union
increased its petroleum exports.

Emphasis on the political importance of Soviet behavior
may also have affected the way in which Soviet pricing
policies are viewed. Based on Soviet behavior in the late
1930°s and 1960°s, one would assume that the primary Soviet
aim is market disruption and price cutting. Occasionally
this is an accurate characterization, but for the most part
the Soviets seem to follow a policy of extracting the
highest possible prices. However, to gain and Keep a
foothold in a market, the Soviet Union often has rescrtzd to
price cutting for a while. This is perhaps best illustrated
by entry of the U.S.S.R. into the U.S. chromite market in
the early 1960°s in competition with Turkey. Once entry is
achieved, they appear to sell raw materials at market
prices. They appear to cooperate with the De Beers diamond
cartel by marketing a major part of their exports through
this group. In the gold market, although the U.S.S.R. may
have attempted to raise the price of gold by cutting back on
sales, foreign exchange requirements--particularly for
purchases of grain from the West--have sometimes forced
Soviets to sell gold during periods of falling or depressed
gold prices.

The above material was extracted from the Bureau of
Mines publication, The Nonfuel Mineral OQOutliook For the

U,8,8.R. through 1990.
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Appendix D: Interviewee GQuestions

In our study we are trying to assess the impact on the .': 1
Ll
industrial base due to a prolonged interruption in the
supply of strategic and critical materials and make
- recommendations for a longterm solution to the problem. We
hope to accomplish this by soliciting answers to the 4‘7;
following questions from upper management in industry. xi
..'.i
1. What would the impact on your company be if the supply ‘f@;ﬂ
. -~ 8

of strategic materials were cut off due to political unrest

or war in the countries that supply these materials? - ;:“

2. What do you think should be done to minimize the effect

1
P . S
PSPPI W B ST S

on the defense industrial base if the U.S. supply ot
imported strategic and critical materials is cutoff for an

indefinate period of time?

3. How long would your company be able to perform defense

contracts if the supply of strategic and critical materials

were cutoff for an indefinate period of time? Primarily

interested in the <following materials: chromium, cobalt, !“'

manganese, and titanium.

4. What plans does your company have to mitigate the
effects of a strategic and critical materials cutof+?
Primarily interested in the following materials: chromium,

cobalt, manganese, and titanium.
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s S. In what ways do you think the government could encourage

your company to stockpile strategic and critical materials?

6. Who are your primary suppliers of these materials?
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